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ABSTRACT

Diet overlay bioassays were conducted, evaluating
insecticides requiring ingestion, on 3rd instar soybean
loopers, Pseudoplusia includens

(Walker). Laboratory

reference and field strains were exposed to several
insecticide concentrations, and LC50S were compared.

Field

strains had significantly greater LC50S than the reference
strain when evaluating standard insecticides. Bioassays
with

experimental insecticides revealed few differences

among strains.

The diet overlay technique appears to be a

viable method for monitoring insecticide resistance to
these insecticides.
Insecticide discriminating concentrations were
determined using diet overlay bioassays to evaluate
susceptibility of field and FI generation,

reference and

field soybean looper strains. Field strains, exposed to
permethrin (Ambush®) and thiodicarb (Larvin®) , exhibited
significantly greater survival compared to laboratory
insects.

However, survival of field strains to

chlorfenapyr (Pirate®), emamectin benzoate

(Proclaim®), and

spinosad (Tracer®) , was not significantly different than
the reference strain.
Toxicity of Bacillus thuringiensis

(Bt) insecticides

against a reference strain was evaluated using dosage-

xi
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mortality bioassays.

Costar® and Design WSP® had the

lowest LC50s, followed by Dipel ES®, Condor XL®, and Javelin
WG®.

LC50s were highest for MVP II®.

Mattch®, MVP II®, and

Xentari® required significantly more time to affect
mortality than the other Bt insecticides.
Dosage-mortality bioassays were conducted on soybean
loopers collected from soybean and transgenic Bt-cotton
('NuCOTN 33B', 'Hartz 1220 BG') . Field strains had LCs0s
significantly higher than the susceptible strain,
cotton strains
Louisiana)

Two Bt-

(Pointe Coupee Parish and Franklin Parish,

had LC50s significantly higher than soybean

strains. Soybean and Bt-cotton strains were significantly
less susceptible than the reference strain, when exposed
to the discriminating concentration of Condor XL®. Btcotton strains had significantly greater survival,
indicating increased tolerance of Bt-cotton strains to Bt
insecticide Condor XL®.
Insecticide field trials in central and northeast
Louisiana documented that Condor XL® and Larvin® provided
adequate soybean looper control, although laboratory
bioassays revealed differences occurring in field strains
compared to the reference strain in response to these
currently recommended insecticides. Experimental
insecticides, Intrepid®, Pirate®, Proclaim®, and Tracer®,

xii
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were effective in the field against soybean looper
populations and show promise as alternatives for
management if resistance develops to Larvin® or the
thuringiensis insecticides.

xiii
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INTRODUCTION

Soybean, Glycine max (L.) Merrill, became an
important cash crop in the United States during the mid1950s and in Louisiana during the 1960s (Morrison and
McCormick 1996).

In 1995, 25.3 million hectares were

planted in the United States with 0.43 million hectares
planted in Louisiana

(Anonymous 1996).

One reason for

soybean's success in Louisiana is the crop's adaptability
to the different soil types and climatic conditions found
in the state (Morrison and McCormick 1996) .
Insect pressure on soybean is greatest in the
southern states, particularly those bordering the Gulf of
Mexico and the Atlantic Ocean (Way 1994) . In these areas,
expansion of soybean production has exposed the crop to an
increased hazard of attack by a large and diverse pest
species complex, many members of which have the potential
for becoming key pests

(Newsom et al. 1980). The most

damaging defoliating insects in Louisiana soybeans are the
velvetbean caterpillar, Anticarsia gemmatalis
and the soybean looper, Pseudoplusia includens

(Hubner),
(Walker).

In 1984, these insects caused an estimated $37 million in
damage and control costs in the soybean producing areas of
the southeastern United States

(Way 1994).

1
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The soybean looper is the predominant noctuid looper
species in Louisiana. This pest is highly polyphagous and
infests a wide range of cultivated crops

(Newsom et al.

1980), but prefers to oviposit on soybean (Martin et al.
197 6) .

The adult is thought to migrate annually from

Central and South America, Mexico, and the Caribbean
(Herzog 1980).

It

is known to overwinter in the United

States only in the southernmost regions of Florida and
Texas (Herzog 1980).

Infestations of other areas within

the United States are thought to be due to seasonal
immigration from overwintering sites.
In recent years the importance of the soybean looper
as a major pest of soybean has increased dramatically.
One reason for this increase is the development of
resistance by this insect to most of the insecticides used
to manage it

(Boethel et al. 1992).

The most recent and

perhaps most economically devastating case of insecticide
resistance development by the soybean looper was its
development of resistance to the pyrethroids, specifically
permethrin.

When first registered, permethrin was very

effective in controlling soybean looper populations
(Boethel et al. 1992).

In addition, it was the primary

insecticide used for looper control, due in part to its
excellent activity, but also because of its relatively low

R ep ro d u ced with p erm ission of th e copyright ow ner. Further reproduction prohibited w ithout p erm ission .
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cost (Mink and Boethel 1992).

However, in 1987,

permethrin failed to provide adequate control of soybean
looper populations in cotton-producing areas of Louisiana
(Leonard et al. 1990, Thomas et a l . 1994), Mississippi
(Anonymous 1988), and Georgia (Herzog 1988).

In 1988, in

these areas of the Southeast, control measures, involving
the use of permethrin directed against the soybean looper,
failed, and growers in this region lost this important
chemical control tactic.

Since then, producers have been

somewhat limited in their ability to manage damaging
soybean looper populations due to the lack of available
chemical control measures registered for use on soybean.
Only two compounds,
thurinqiensis

thiodicarb and the Bacillus

(Berliner)

insecticides, are currently

recommended for soybean looper management in Louisiana
(Baldwin et al. 1997). However, based on the history of
insecticide applications made to control this pest, these
products also may soon be lost to insecticide resistance
if not managed carefully on soybean, on commodities at the
point of origin,

and on adjacent crops.

A glass vial technique has been developed for
monitoring resistance to permethrin in larval

(Mink and

Boethel 1992) and adult (Mink et a l . 1993) soybean
loopers.

However, these techniques are not appropriate

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

4

for evaluating resistance to the standards that are
currently recommended for soybean looper because these
insecticides act primarily as stomach poisons. In
addition, new experimental insecticides with novel modes
of action are being developed and may provide growers with
effective control of soybean loopers on soybean in the
near future.

However,

further testing of the efficacy of

these compounds, most of which require ingestion to be
toxic, is necessary.

This research is important to slow

or prevent resistance development and leaving soybean
producers without viable control measures for soybean
looper management.
The objectives of this research were to monitor
soybean looper resistance to selected standard and
experimental insecticides by: 1) establishing baseline
dosage-mortality data against geographically different
soybean looper strains using an insecticide-diet overlay
bioassay, 2 ) developing discriminating concentrations for
the insecticides and evaluating this technique for field
practicality for use on natural populations of soybean
looper, 3) evaluating the response of field and laboratory
strains of soybean looper, collected from soybean and Bttransgenic cotton, to the insecticide Bacillus
thurinqiensis, and 4) evaluating the efficacy of selected

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.
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insecticides against natural soybean looper populations in
field trials.
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CHAPTER 1

R E S P O N S E S O P F I E L D - C O L L E C T E D S T R A I N S O F S O Y B E A N L O O P E R TO
SELECTED INSECTICIDES U S ING A N ARTIFICIAL
DIET OVERLAY BIOASSAY1

Introduction
The soybean looper, Pseudoplusia includens

(Walker),

has become the most costly insect pest to control on
soybean, Glycine max (L.) Merrill, grown in the Gulf Coast
region of the United States.

Over the past several

decades, this insect has developed resistance to most major
classes

(carbamates, cyclodienes, organophosphates, and

pyrethroids)

of insecticides used against it (Boethel et

al. 1992). Resistance to methyl parathion
monocrotophos

(Palazzo 1978),

(Chiu and Bass 1978b), and permethrin

(Anonymous 1988, Herzog 1988, Thomas et al. 1994) has been
reported in the soybean looper, and control failures have
been experienced with methomyl in Florida
1980)

(Newsom et al.

and with methomyl and acephate in Alabama

Bass 1978a).

(Chiu and

In addition, feeding damage by the soybean

looper has resulted in >10% annual losses in harvestable
soybean yield, and crop damage plus control costs, from
1976 to 1984, exceeded $20 million per year in the
'This chapter is published in the October, 1997 issue of the Journal off Economic
Entomology, volume 90, pp. 1117-1124, R. N. Mascarenhas and D. J. Boethel, and
copyrighted by the Entomological Society of America.
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southeastern United States (Bergman et al. 1985a, b ) . In
1980, a survey conducted by USDA-ERS reported that 11% of
the total soybean acreage in the United States received
insecticide applications (Hanthorne et a l . 1982), with 47%
of the acreage in the Southeast requiring insecticide
control for insect pests (Boerma et al. 1994), including
the soybean looper.
Soybean looper control failures, coupled with the
destructive defoliating feeding of this pest, have caused
producers to become increasingly concerned with the problem
of development of resistance to chemical control measures
that are available.

Currently, producers are limited to a

small number of insecticides recommended against the
soybean looper (Mink and Boethel 1992) and in Louisiana,
only thiodicarb and Bacillus thurinqiensis

(Berliner)

products are recommended (Baldwin et al. 1997) . These
insecticides, however, may not continue to provide adequate
control.

For example, soybean looper resistance to

thiodicarb already has been reported in South Carolina
(Sullivan and Chapin 1990) and Alabama (Sullivan 1992), as
well as in larvae collected from peppers in Puerto Rico
(Thomas et al. 1994). In addition, various B. thurinqiensis
products have been reported to give inadequate control of
soybean loopers in cotton in South Carolina and Alabama
(Sullivan 1992).
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Several new chemistries with unique modes of action
have been developed and soon may become available for
soybean looper control.
chlorfenapyr

These compounds include

(Pirate®, American Cyanamid,

Princeton, NJ),

from a new class of broad-spectrum insecticides known as
the pyrroles

(Farlow et al. 1992); an avermectin, emamectin

benzoate (Proclaim®, Merck Research Laboratories, Three
Bridges, NJ)

(Dunbar et al. 1996); and spinosad (Tracer®,

DowElanco, Indianapolis, IN), a combination of spinosyns a
and d which represents a naturally derived group of insect
control molecules

(known as the naturalytes) derived from a

new species of actinomycete bacteria,

Saccharopolyspora

spinosa (Thompson et al. 1995). Although spinosad does
provide good contact activity, it is most toxic when
ingested (Sparks et al. 1996).

Chlorfenapyr and emamectin

benzoate act primarily as stomach poisons requiring
ingestion of the toxin to be effective.
The objective of this study was to evaluate these
experimental insecticides, as well as standards that were
previously and are currently recommended, by establishing
baseline dosage-mortality data against geographically
separate strains of soybean looper larvae using an
insecticide diet overlay bioassay.

These data will prove

useful in monitoring for soybean looper insecticide
resistance by providing a historical database on
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susceptibility to these products and provide the foundation
of future resistance management strategies to prolong the
use of these insecticides as effective control measures.
Materials and Methods
Insects.

Soybean looper larvae were collected from soybean

fields during August and September of 1994 and 1995 at
various locations throughout Louisiana and other southern
states.

Larvae were transported to the laboratory in

inflated plastic bags filled with foliage and paper towels
(to absorb excess moisture) , placed in 295 ml paper rearing
cups (15 larvae per cup) containing pinto bean-wheat germ
diet (Thomas et al. 1993), and allowed to pupate.

After

pupation, insects were placed in plastic rearing containers
with paper oviposition sheets, and following eclosion,
adults were fed a 10% honey solution.

Temperature was

maintained at 24+2°C with 70-75% RH, and a 16:8

(L:D) hour

photoperiod. Only healthy individuals from the field
collections were placed in culture, and all bioassays were
conducted on larvae from the FI generation.
An insecticide-susceptible strain of soybean looper
was obtained from the Southern Insect Management
Laboratory,

USDA-ARS, at Stoneville, MS.

This colony

originated from moths from a South Carolina laboratoryreared colony supplemented occasionally with wild
individuals and has been maintained without exposure to
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insecticides.

The colony was maintained according to

rearing procedures described for the field-collected
strains.

A list of field-collected and laboratory-reared

strains used in this study is presented in Table 1.1.
A minimum of 30 larvae (3rd-5th instar)

from each

strain to be evaluated in the diet overlay bioassays were
exposed to a discriminating concentration of permethrin
(0.5 pg per vial)

(Mink and Boethel 1992) to determine

permethrin resistance of field-collected strains relative
to the USDA reference strain. Individuals were placed in
vials treated with technical grade permethrin

(95.6% [ai

wt/wt]; 60:40 cis/trans; FMC, Middleport, NY) dissolved in
acetone and air-dried. Controls consisted of acetonetreated vials. Mortality was recorded 24 h after exposure,
and larvae were considered dead if they did not respond to
prodding with a sharp probe. Data (Table 1.1) are expressed
as percentage survival and were corrected according to
Abbott's formula
Bioassays.

(Abbott 1925).

Artificial diet overlay bioassays were

conducted to evaluate the effects of formulated permethrin
(Ambush®, 25.6%

[ai wt/wt]; Zeneca Ag Products, Wilmington,

DE), Bacillus thuringiensis var. kurstaki

(Condor OF®,

7.5% [ai wt/wt]; Ecogen, Langhorne, PA), thiodicarb
(Larvin®, 32.5% [ai wt/wt]; Rhone-Poulenc, Research
Triangle Park, NC) , chlorfenapyr (Pirate®, 36% [ai wt/wt];
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Table 1.1.
Description of soybean looper field strains by
identification code, collection year, collection location,
and percentage survival of laboratory and field strains
following exposure to insecticide-coated vials*.

Year

US DA

1994-95 Stoneville, Washington County, MS

HAM94

1994

Hamburg, Avoyelles Parish, LA

80

WIN94

1994

Winnsboro, Franklin Parish, LA

83

MS94

1994

Anguilla, Sharkey County, MS

77

JEN 95 1995

Jennings, Jefferson Davis Parish, LA

63

YVL95 1995

Youngsville, Lafayette Parish, LA

72

JRT95 1995

Jeanerette, Iberia Parish, LA

54

BR95

1995

Location

% survival

Code

3

Baton Rouge, East Baton Rouge Parish, LA 77

HAM95 1995

Hamburg, Avoyelles Parish, LA

73

SJ95

St. Joseph, Tensas Parish, LA

77

Winnsboro,

82

1995

WIN95 1995

Franklin Parish, LA

BC95

1995

Bossier City, Bossier Parish, LA

85

MS95

1995

Benoit, Bolivar County, MS

66

GA95

1995

Tifton, Tifton County, GA

77

*Vials contained a discriminating concentration of
permethrin at 0.5 pg/vial (Mink and Boethel 1992) .
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American Cyanamid, Princeton, NJ), emamectin benzoate
(Proclaim®, 2.15% [ai wt/wt]; Merck Research Labs, Rahway,
N J ) , and spinosad (Tracer® 44.2% [ai wt/wt]; DowElanco,
Indianapolis, IN) on 3rd-instar (20-30 mg [Shour and Sparks
1981]) field-collected and laboratory-reared soybean looper
larvae.

Concentrations of insecticides plus a distilled

water control were used for each strain of soybean looper.
Stock solutions

(10,000 ppm in distilled water) were

prepared based upon percentage active ingredient

(ai) .

Serial dilutions in distilled water were used to obtain
concentrations necessary to establish dosage-mortality
lines. These test concentrations were dependent on the
compound and strain of soybean looper tested, but
concentrations were selected which killed approximately 90%
of individuals at the highest concentration and 10% at the
lowest concentration.
Three mis of hot pinto bean-wheat germ diet were
pipetted into individual plastic 30 ml diet cups with an
Eppendorf repeater pipet and a 50 ml Combitip.

The diet

was allowed to cool, and 100 pi of each concentration of
insecticide were pipetted into each cup using an Eppendorf
repeater pipet with a 5 ml Combitip.

Diet cups were rolled

and shaken slightly to distribute the insecticide evenly
across the diet surface and allowed to dry for 1 h.

One

larva was placed in each cup, and the cups were capped (at
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least 50 larvae per concentration per strain)
Miller 1986).

(Roush and

Mortality was recorded 72 h after treatment

for each strain and concentration, and larvae were
considered dead if they did not respond to prodding with a
sharp probe. Data were corrected for control mortality
(which never exceeded 2% in any bioassay) using Abbott1s
formula (Abbott 1925).
Analysis.

All data were analyzed by probit analysis using

POLO-PC (LeOra Software 1987) .

Differences among LC50S of

different strains were considered significant if 95%
confidence limits did not overlap.

A significant chi-

square value indicated a poor fit of observed mortality
responses. Resistance ratios

(RR) and 95% confidence limits

(CL) were calculated according to methods described by
Robertson and Preisler (1992).
Results and Discussion
LC50S for permethrin (Ambush®)

ranged from 1.59 (USDA)

to 60.87 ppm (WIN95), a 38-fold difference

(Table 1.2).

All field-collected strains had significantly greater LC50S
than that of the USDA strain.

These results confirm

observations seen as early as 1987 when increased soybean
looper resistance to permethrin and reduced efficacy in
control of soybean looper populations were observed in many
areas of Louisiana

(Leonard et al. 1990, Mink and Boethel

1992), Mississippi

(Anonymous 1988), and Georgia (Herzog
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Table 1.2. Toxicity of diet treated with permethrin (Ambush®) to 3rd~instar soybean
looper 72 h after treatment, 1995.

na

Slope (SEM)

USDA

260

3.10 (0.32)

JEN 95

200

3.79 (0.45)

21.66 (14.13-32.19)

YVL95

200

3.09 (0.38)

20.54

JRT95

200

2.98

20.54

BR95

250

2.96 (0.32)

HAM 95

200

2.61

SJ95

Strain

(0.37)

LC50 (95% CL ) b

1.59

RR (95% CL)
---

£

df

4.7

2

13.59 (11.17-16.54)

2.5

2

(10.11-34.74)

12.89 (10.42-15.95)

3.3

2

(17.21-24.14)

12.89 (10.37-16.01)

1.0

2

(0.84-2.95)

14 .69 (10.66-21.20)

9.21

(7.45-11.40)

4.4

3

(0.33)

15.29

(12.79-18.38)

9. 60

(7.65-12.03)

0.0

2

250

2.69 (0.29)

40.38

(29.65-54.29)

25.34

(20.39-31.48)

3.4

3

WIN95

250

2. 69 (0.28)

60.87

(41.07-94.81)

38 .19 (30.17-47.50)

5.7

3

BC95

250

2.99 (0.31)

39.40

(33.63-46.04)

24 .72

2.2

3

MS95

250

2.33 (0.25)

52.58

(28.29-105.53)

32.99 (26.19-41.56)

9.4

3

GA95

250

3.23 (0.33)

45.96 (39.60-53.39)

28.84

2.6

3

(5.28-115.77)

(23.52-35.35)

aNumber of larvae tested excluding controls.
^Expressed in ppm.
M
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1988). In general, field strains collected from soybean
fields (that were planted in close proximity to cotton)
the northern region of Louisiana

in

(SJ95, WIN95, BC95) and

the cotton-producing areas of Mississippi and Georgia (MS95
and GA95) had greater LC50S and resistance ratios (RR) than
strains collected from soybean planted in the central and
southern regions of Louisiana

(JEN95, YVL95, JRT95, BR95,

HAM95) in predominantly soybean production regions.

These

results were consistent with those from vial bioassays
(Table 1.1), which show greater percentage survival in
larvae collected from cotton-soybean agroecosystems and may
result from extensive use of pyrethroids in the cottonproducing areas of northern Louisiana and other states for
control of cotton pests.

Previous studies have shown

increased pyrethroid resistance of soybean loopers in areas
where cotton and soybean are grown in close proximity
(Felland et a l . 1990, Leonard et al. 1990, Mink and Boethel
1992), compared with soybean loopers in areas where soybean
is predominantly produced.

Although permethrin is the only

pyrethroid that has been used for control of soybean
loopers in soybean, populations may have been exposed to
other pyrethroids on other crops

(Thomas et al. 1996).

Studies conducted earlier revealed soybean looper
resistance to \-cyhalothrin,

fenvalerate, and cypermethrin

in Louisiana (Leonard et al. 1990) and Mississippi (Felland
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et a l . 1990), which may explain the higher LC50s observed
in strains collected from these areas.
In the B. thurinqiensis var. kurstaki

(Condor OF®)

bioassays, LCs0s ranged from a low of 18.84 ppm (USDA
strain) to a high of 166.54 ppm (BC95 strain)
an 8 .8-fold difference

(Table 1.3).

representing

All field-collected

strains had significantly greater LC50S than that of the
USDA strain. A significant chi-square was found for the
JEN95 strain indicating a poor fit of the data to the model
(Robertson and Preisler 1992). The highest resistance
ratios were seen in the BC95, YVL95, BR95, GA95, and HAM95
strains

(8.84, 6.51, 6.19, 6.12, and 6.01, respectively).

Currently, there have been no control failures reported for
soybean looper with the B. thurinqiensis insecticides in
the field at these locations; therefore,

differences may be

caused by natural variation within soybean looper
populations or differences between lab and field strains
not related to resistance. However, these data suggest that
soybean looper resistance to B. thurinqiensis products may
soon develop because control failures have been reported in
cotton in states such as South Carolina and Alabama
(Sullivan 1992).

Further laboratory and field studies are

needed to support this hypothesis.
Thiodicarb

(Larvin®) LC50S ranged from 396.06 ppm (USDA

strain) to 1223.56 (WIN94 strain)

(Table 1.4).

Greater
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Table 1.3. Toxicity of diet treated with Bacillus thuringiensis var. kurstaki
(Condor OF®) to 3rd-instar soybean looper 72 h after treatment, 1995.

Strain

na

Slope (SEM)

USDA

250

2.12 (0.24)

18.84

(15.27-22.90)

JEN95

250

2.67

(0.29)

37.87

(23.59-70.65)

2.01

YVL95

200

3.22 (0.38)

122.70

(78.63-183.03)

6.51

JRT95

250

3.12 (0.33)

37.39

BR95

200

3.30 (0.39)

HAM 95

200

SJ95

LC50 (95% CL)b

RR (95% CL)
---

df

0.9

3

(1.54-2.62)

7. 9C

3

(5.05-8.39)

2.3

2

(24.61-62.17)

1.98 (1.54-2.56)

7.4

3

116.69

(99.81-135.59)

6.19 (4.81-7.97)

1.0

2

3.25 (0.39)

113.13

(96.47-131.67)

6.01 (4.66-7.74)

0.8

2

250

2.41 (0.26)

91.97

(76.74-110.06)

4 .88 (3.73-6.39)

2.8

3

WIN95

250

2.14

(0.24)

87 .48

(56.05-133.32)

4 .64 (3.50-6.15)

4.6

3

BC95

250

2.15 (0.24)

166.54

(107.58-249.87)

8.84

4 .4

3

MS95

250

2.07

(0.24)

76.97

(38.23-136.70)

4 .09 (3.07-5.44)

7.5

3

GA95

250

2.13 (0.24)

115.27

(78 .12-177 .28)

6.12 (4.61-8.12)

4.1

3

aNumber of larvae tested excluding controls.
^Expressed in ppm.
significant (P=0.05).

(6.67-11.71)
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Table 1.4. Toxicity of diet treated with thiodicarb (Larvin®) to 3rd-instar soybean
looper 72 h after treatment, 1994-1995.

Strain

n a

Slope (SEM)

LCso (95% C L ) b

USDA

200

3.37

(0.44)

396.06

(170.20-621.65)

HAM 94

212

2.86 (0.36)

895.74

(739.09-1055.48)

WIN94

310

2.16 (0.27)

1223.56 (1007.78-1441.21)

MS94

212

2.59 (0.36)

779.79

JEN95

200

2.85 (0.42)

YVL95

200

JRT95

RR (95% CL)
---

df

3.1

2

2.26 (1.78-2.89)

0.9

2

3.09 (2.43-3.94)

1.6

2

(619.60-935.17)

1.97 (1.52-2.55)

1.0

2

684.81

(537.79-821.09)

1.73 (1.33-2.25)

1.2

2

2.90 (0.36)

585.69

(493.15-690.09)

1.47

(1.17-1.87)

1.8

2

200

2.68

(0.41)

649.15

(207.49-997.98)

1. 64 (1.24-2.17)

2.2

2

BR95

216

2.43 (0.31)

677.87

(563.16-812.87)

1.71 (1.34-2.19)

0.4

2

HAM 95

200

2.73 (0.34)

595.78

(496.96-707.13)

1.50 (1.19-1.90)

0.4

2

SJ95

232

3.23 (0.36)

1103.31

(726.90-1595.99)

2.79 (2.24-3.47)

2 .4

2

WIN95

200

3.02 (0.42)

762.69

(310.72-1191.31)

1. 93 (1.51-2.46)

2.7

2

^Number of larvae tested excluding controls.
^Expressed in ppm.
(Table cont'd)

20

"O

‘V

CM

CM

CM

oo

CO
•
CO

O

CD
rH

o
tn

<3 *
cn

CO

CM

rH

H

00

rH

CM

rH

rH

'—

—"

O
VO

rH
CO

O
00

CM

CM

rH

VO

00
CO
•
m
o

cn
o
•
uo

CM
rH

CO

•

CO

•

<3*

CL)

«—»»

RR

(95%

11

GO
•

LC50 (95%

CL)e

VO

00
rrH
I
l
rr-

00
cn
cn

VO

cn
CO
—

1l

00
I
cn
rin
00
CO
—

.

in
fH
0

00
•

r— 1
<J\

rH
CO

lD
rH

O

cn

•

00
<n
•
uo
<n
uo

-P
C
0

o
cn

c

rH

•rH

Slope

(SEM)

73

.
_,

.—^

rH

uo

cn

CM

o

O
--

r-

cn
cn
.

CO
CM

CM

CM

CM

CO

•
o
-

o

•

•

D
<—t
CJ
X
<u
73

0)
-P
in
o

■p

n a

<u g
O
CM
CM

O
in

m
00

CM

CM

<0 Q4
> a
M

m c

rH *rH
4H 73

Strain

0 <u
to
p to

uo
cn

u

CO

lO

cn

uo
<n

cn

<

2

a> a)
M
£ cu
D X
Iz
Q 4w
£1

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

21
LCsos were observed in the field-collected strains compared
with the USDA reference strain.

However, the only strains

with significantly greater LCsos than the USDA strain were
the HAM94, WIN94, SJ95, BC95, and MS95 strains.

Resistance

ratios for each of these field strains were 2.26, 3.09,
2.79, 2.60, and 2.31, respectively.

As in the B.

thuringiensis bioassays, these results do not necessarily
indicate a control

problem with thiodicarb.

Differences

LC50s may be caused by natural differences in

the soybean

looper populations

because currently,

providing adequate

control of soybean looper in soybean

fields in Louisiana

in

thiodicarb is still

(Mascarenhas et al. 1995).

However,

there have been reports of failures with thiodicarb in
other states such as Alabama (Sullivan 1992) and South
Carolina (Sullivan and Chapin 1990), where growers have had
to use higher rates to reduce soybean looper populations
effectively.

In addition, data obtained on soybean loopers

collected in the field in Puerto Rico and exposed to
thiodicarb in a diet bioassay revealed a LC50 of 5847.14
ppm (unpublished data), which is approximately 4.8 times
greater than the highest LC50 (1223.56 ppm; WIN94) found in
the field-collected strains collected in the present study
and approximately 15 times greater than the USDA reference
strain.

These data, along with those of Thomas et al.

(1994), show resistance to thiodicarb in soybean loopers in
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Puerto Rico. Considering the migratory behavior of this
pest (Herzog 1980), these data should cause concern
relative to thiodicarb efficacy in the United States in the
near future. Based on results from this study, control
provided by thiodicarb should be monitored carefully.
The LC50S for the chlorfenapyr (Pirate®) bioassays
ranged from 20.15 ppm (USDA) to 27.41 ppm (HAM94)
1.5).

(Table

The only strain with a significantly greater LC50

than that of the USDA strain was the WIN94 strain (26.62
ppm). Leaf-dip bioassay data (Thomas et al. 1993) were
similar to those found in the current study in that results
were variable across years, and significant differences
were observed in comparisons between field-collected and
the reference strain. Chlorfenapyr has not been registered
for commercial use on soybean.

However,

in Louisiana

during the 1995 growing season, the EPA granted a section
18 label for the use of chlorfenapyr on cotton to control
the tobacco budworm, Heliothis virescens

(Boddie).

This

use in 1995 would not explain the significantly greater
LC50 observed in the soybean looper strain
collected from Winnsboro, LA, in 1994

(WIN94)

(Table 1.5).

Thus,

differences in the present study probably represent natural
variation among populations.
LC50S were much lower in the emamectin benzoate
(Proclaim®) bioassays compared with the other insecticides
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Table 1.5. Toxicity of diet treated with chlorfenapyr (Pirate®) to 3rd-instar soybean
looper 72 h after treatment, 1994-1995.

Strain

na

Slope (SEM)

LC50 (95% CL)*5

USDA

360

3.31

(0.30)

20.15

17.90-22.54)

HAM 94

280

3.46 (0.33)

27 .41

20.32-36.87)

WIN94

280

2.84

(0.29)

26.62

BC94

204

3.49 (0.41)

MS94

204

JEN95

df

RR (95% CL)
---

0.0

2

1.36 (1.13-1.64)

4.5

2

23.09-30.67)

1.33 (1.08-1.62)

1.5

2

22.67

14 .18-34.78)

1.12

(0.93-1.35)

2.7

2

3. 92 (0.45)

25.14

16.43-38.07)

1.23 (1.04-1.49)

2.7

2

200

4 .38 (0.53)

19.42

12.86-28.62)

0.96 (0.70-1.17)

2.7

2

YVL95

200

3.85 (0.44)

24 .70

17.13-35.37)

1.23 (1.02-1.47)

2.2

2

JRT95

200

4.05

(0.46)

27.16

18.01-41.61)

1.35 (1.11-1.64)

2.8

2

BR95

264

3.43

(0.34)

25.09

22.03-28.49)

1.24

(1.05-1.48)

0.2

2

HAM 95

240

3.24

(0.35)

25.35

15.69-33.68)

1.52

(0.97-1.39)

2.4

2

SJ95

200

3.09 (0.40)

18 .30

10.05-27.59)

0. 91 (0.73-1.13)

2.4

2

aNumber of larvae tested excluding controls.
Expressed in ppm
(Table cont'd)
NJ
CO
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Strain

n a

Slope (SEM)

LCso (95% CL ) b

WIN95

204

3.29 (0.42)

17.49 (14.74-20.35)

0.87

(0.72-1.06)

1.3

2

BC95

200

3.49 (0.41)

23.18 (13.26-38.78)

1.15 (0.95-1.39)

3.3

2

MS95

204

3.88

(0.44)

23.72 (16.86-33.09)

1.18

(0.97-1.43)

2.0

2

GA95

200

3.59 (0.42)

23.16 (12.79-40.32)

1.15 (0.94-1.41)

3.7

2

RR (95% CL)

df

aNumber of larvae tested excluding controls.
^Expressed in ppm.

NJ
•fc.

25

evaluated and ranged from 0.45 ppm (USDA) to 2.77 ppm
(SJ95)

(Table 1.6). All field-collected strains except the

WIN94 and HAM95 strains had significantly greater LC50S
than the USDA strain, and resistance ratios for SJ95 and
WIN95 were 6.21 and 6.06, respectively.

Emamectin benzoate

has not been used commercially for soybean looper control
in these areas, so the differences found between the fieldcollected and reference strains are difficult to explain
because of lack of selection pressure using this product.
Results from previous bioassays and field trials using
chlorfenapyr (Thomas et al. 1993) and emamectin benzoate
(Thomas et al. 1993, Wier et a l . 1995) suggest that both of
these products have provided satisfactory control of
soybean looper.

Significant differences observed in the

diet bioassays using chlorfenapyr and emamectin benzoate
may not necessarily indicate a resistance problem.

Sawicki

(1987) defined resistance as "a genetic change in response
to selection by toxicants that may impair control in the
field." He went on to state that most misinterpretations
concerning resistance occur at the population level. At
this level, changes in the insects' response to insecticide
and field control failures can be considered resistance
development. Although many times these two situations are
interdependent, they are not interchangeable because a
change in response does not always result in an insecticide
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Table 1.6. Toxicity of diet treated with emamectin benzoate (Proclaim®) to 3rd-instar
soybean looper 72 h after treatment, 1994-1995.

Strain

n a

Slope (SEM)

LC5o (95% CL ) b

USDA

200

2.91

0.42)

0.45 (0 .20-0 .66)

WIN94

200

2.09

0.49)

0.71 (0.26-1.08)

JEN 95

200

3.18

0.37)

0.84

YVL95

250

2.54

JRT95

200

BR95

RR (95% CL)
--

7
JC

df

2.1

2

1.59 (0.86-2.97)

1.1

2

(0.72-0.98)

1.88 (1.47-2.42)

1.2

2

0.27)

1.40 (1.18-1.67)

3.15 (2.42-4.09)

1 .5

3

3.39

0.40)

1.04

2.34

(1.83-2.99)

0.7

3

250

2.99

0.31)

1.23 (0.94-1.63)

2.76 (2.15-3.55)

3.2

3

HAM 95

250

2.09

0.24)

0.56 (0.46-0.68)

1.25 (0.95-1.66)

2.1

3

SJ95

250

2.42

0.26)

2.77

(1.79-4.47)

6.21 (4.76-8.11)

5.9

3

WIN95

250

2.34

0.25)

2.70 (2.25-3.26)

6.06 (4.63-7.93)

2.0

3

BC95

250

2.52

0.27)

1.81

(1.27-2.48)

4 .05 (3.11-5.28)

3.6

3

MS95

275

2.31

0.25)

1.52

(1 .02-2 .10)

3.41

(2.60-4.46)

3.7

3

GA95

345

2.34

0 .22)

1.94

(1.43-2.60)

4 .37 (3.39-5.62)

3.7

3

(0.90-1.22)

dNumber of larvae tested excluding controls.
Expressed in ppm.

M

cn
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control failure. Sawicki (1987) also stated that when a
change in susceptibility is caused by a small portion of
resistant insects or to low levels of resistance, only
sensitive bioassays may measure these slight differences
which may not be great enough to result in field control
failures.

Perhaps the resistance levels to chlorfenapyr

and emamectin benzoate in the field-collected strains
collected from Winnsboro in 1994 (WIN94) and Hamburg
(HAM95) in 1995 were low enough that they did not
constitute field control problems but were apparent in the
bioassay results.
The results for the spinosad (Tracer®) bioassays are
presented in Table 1.7.
to 13.46 ppm (GA95).

LC50S ranged from 4.19 ppm (HAM95)

There were no significant differences

in LC50S between the field strains and the USDA reference
strain, except the HAM95 strain in which the LC50 (4.19
ppm) was significantly lower than that of the USDA strain
(9.70 ppm). Spinosad, like chlorfenapyr and emamectin
benzoate, has not been labeled for field use on soybean.
In the BR95 and GA95 bioassays, significant chi-squares
were observed, indicating a poor fit of the data to the
model (Robertson and Preisler 1992) in these bioassays, so
95% confidence limits should not be used to compare these
strains.
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Table 1.7. Toxicity of diet treated with spinosad (Tracer®) to 3rd-instar soybean looper
72 h after treatment, 1995.

Strain

n a

Slope (SEM)

LCso (95% CL ) b

RR (95% CL)
---

USDA

200

1.73

0.29)

9.70 (7.55-12.73)

JEN95

280

2.75

0.31)

8.55 (7.28-9.96)

0.88

YVL95

200

2.79

0.35)

JRT95

320

2.80

BR95

250

HAM 95

£

df

1.2

2

(0.66-1.19)

0.7

2

9.96 (8.41-11.88)

1.03 (0.76-1.39)

0.3

2

0.32)

10.62 (6.61-16.25)

1.09 (0.82-1.47)

2.6

2

2.61

0.28)

8.17 (4.93-15.31)

0.84

8. 5C

3

250

2.54

0.28)

4.19 (3.48-4.98)

0.43 (0.32-0.59)

0.9

3

WIN95

250

2.70

0.28)

11.61 (9.82-13.70)

1.20 (0.88-1.62)

1.8

3

BC95

250

1.79

0.23)

9.96 (7.85-12.45)

1.03 (0.73-1.44)

2.3

3

MS95

250

2.14

0.24)

13.08 (8.24-21.43)

1.35 (0.98-1.86)

5.4

3

GA95

260

2.13

0.24)

13.46 (7 .21-27.61)

1.39 (1.01-1.91)

8.8C

3

(0.62-1.14)

aNumber of larvae tested excluding controls.
^Expressed in ppm.
^ s i g n i f i c a n t (P=0.05).
M
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In three of the insecticide bioassays, soybean looper
strains from the same locations were tested in both 1994
and 1995; these included thiodicarb,

chlorfenapyr, and

emamectin benzoate (Tables 1.4-1.6).

In the thiodicarb

bioassays, only the strains collected from Hamburg in 1994
and 1995 had significantly different LCsos with the HAM94
strain having the greatest LC50 (Table 1.4) . In both the
chlorfenapyr and emamectin benzoate bioassays,

the LC50S of

the strains collected from Winnsboro in 1994 and 1995 were
significantly different, with the WIN94 LC50 being greater
in the chlorfenapyr bioassays (Table 1.5) and WIN95 LC50
greater in the emamectin benzoate bioassays

(Table 1.6).

These results indicate a fluctuation of susceptibility of
soybean looper strains between years to the different
insecticides mentioned previously.

Because of the

migratory behavior of this pest, differences in resistance
from year to year among soybean looper strains collected
from the same location in Louisiana exposed to thiodicarb
may be caused by variation in insecticide applications made
to the source populations. Because chlorfenapyr and
emamectin benzoate currently have not been registered for
use in the United States or elsewhere, applications of
these insecticides to source soybean looper populations
should not have occurred.
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In conclusion, our data indicate that the new
chemistries evaluated (chorfenapyr, emamectin benzoate, and
spinosad)

show promise as effective tools for soybean

looper control if registered for use on soybean.

The

bioassay data demonstrated greater LC50S for several of the
field-collected strains compared with the reference stain
evaluated in the permethrin, B. thuringiensis, thiodicarb,
and emamectin benzoate bioassays. Although some of these
results may be caused by very low levels of resistance in
the populations, with the current problem of insecticide
resistance and the lack of availability of alternative
chemistries registered for soybean looper control,
researchers certainly should be aware of even slight
differences among field-collected and susceptible
laboratory-reared strains. Laboratory bioassays of
insecticides, especially when used in conjunction with
field evaluations of the same compounds, are essential for
documentation of insecticide resistance.

In addition, the

insecticide diet overlay technique appears to be a
practical method for evaluating insecticides that act as
stomach poisons against insect pests with feeding habits
such as the soybean looper. Furthermore, the use of
insecticide chemistries with unique modes of action, such
as the ones evaluated in our present study, should fit into
an insecticide resistance management program.

Reproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

31

References
Abbott, W. S.
1925. A method of computing the
effectiveness of an insecticide.
J. Econ. Entomol.
18: 265-276.
Anonymous.
1988. Another resistant insect.
and For. Exp. Stn. Rep. 51.

Miss. Agri.

Baldwin, J. L., D. J. Boethel, and B. R. Leonard.
1997.
Control of soybean insects, 1995.
La. Coop. Ext. Ser.
Pub. 2211.
Bergman, R. M., R. A. Davis, S. N. Fertig, F. Kuchler, R.
McDowell, C. Osteen, A. L. Padula, K. L. Smith, and R.
R. Torla. 1985a. Pesticide assessment of field corn
and soybeans: Delta states.
U.S. Dep. Agric., Agric.
Res. Serv. Rep. AGES80524F.
1985b.
Pesticide assessment of field corn and soybeans:
Delta states. U.S. Dept. Agric., Agric. Res. Serv.
Rep. AGES80524F.
Boerma, H. R., J. N. All, G. B. Rowan, W. A. Parrott, C. N.
Stewart, Jr., M. J. Adang, and J. W. Todd.
1994.
Technologies for developing soybean varietal
resistance to insects, pp.41-50. In D. Wilkinson [ed.]
Proceedings of the Twenty-Fourth Soybean Seed Research
Conference, Dec. 6-7, 1994, Chicago, IL.
Boethel, D. J. , J. S. Mink, A. T. Wier, J. D. Thomas, B. R.
Leonard, and F. Gallardo.
1992.
Management of
insecticide resistant soybean loopers (Pseudoplusia
includens) in the southern United States, pp. 66-87.
In L. G. Copping, M. B. Green, and R. T. Rees [eds.],
Pest management in soybean.
Society of Chemical
Industry, Essex, England.
Chiu, P. S., and M. H. Bass.
1978a.
Soybean looper:
minimum rates of insecticides for control. J. Ga.
Entomol. Soc. 13: 155-160.
1978b.
Soybean looper: susceptibility of larvae to
insecticides. J. Ga. Entomol. Soc. 13: 169-173.
Dunbar, M. D., R. D. Brown, J. A. Norton, and R. A. Dybas.
1996.
Proclaim: a new insecticide for use on cotton,
pp. 756-758.
In P. Dugger and D. A. Richter [eds.],
Proceedings 1996 Beltwide Cotton Conference, Jan. 912, 1996, National Cotton Council, Memphis, TN.

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

32

Farlow, R. A., G. Goddard, R. Kepner, K. Umeda, and J. R.
Whitehead.
1992.
Efficacy of Pirate insecticidemiticide against insect and mite pests of U.S. cotton,
p. 877.
Iri D. J. Herber and D. A. Richter [eds.],
Proceedings 1992 Beltwide Cotton Conference, Jan. 610, 1992, National Cotton Council, Memphis, TN.
Felland, C. M., H. N. Pitre, R. G. Luttrell, and J. L.
Hamer.
1990.
Evidence of resistance to pyrethroid
insecticides in field populations of soybean looper
(Lepidoptera: Noctuidae) in Mississippi.
J. Econ.
Entomol. 83: 35-40.
Hanthorne, M., C. Osteen, R. McDowell, and L. Roberson.
1982.
1980 pesticide use on soybeans in the major
producing states. U.S. Dept. Agric. Econ. Res. Serv.
Staff Rep. AGES820106.
Herzog, D. C. 1980.
Sampling soybean looper on soybean,
pp. 141-168.
Ln M. Kogan and D. C. Herzog [eds.],
Sampling methods in soybean entomology.
Springer, New
York.
Herzog, G. A. 1988.
Performance of pyrethroids in the
southeastern region of the cotton belt, p. 231.
Iri J.
M. Brown and D. A. Richter [eds.], Proceedings 1988
Beltwide Cotton Conference, Jan. 3-8, 1988, National
Cotton Council, Memphis, T N .
Leonard, B. R., D. J. Boethel, A. N. Sparks, Jr., M. B.
Layton, J. S. Mink, A. M. Pavloff, E. Burris, and J.
B. Graves.
1990.
Variations in soybean looper
(Lepidoptera: Noctuidae) response to selected
insecticides in Louisiana.
J. Econ. Entomol. 83: 2734 .
LeOra Software.
1987.
POLO-PC: a user's guide to probit
or logit analysis. LeOra Software, Berkeley, CA.
Mascarenhas, R. N., A. T. Wier, and D. J. Boethel.
1995.
Evaluation of selected Bacillus thuringiensis
insecticides for control of soybean looper in North
Louisiana, 1994. Arthropod Manag. Tests. 20: 238.
Mink, J. S., and D. J. Boethel.
1992.
Development of a
diagnostic technique for monitoring permethrin
resistance in soybean looper (Lepidoptera: Noctuidae)
larvae. J. Econ. Entomol. 85: 1956-1962.

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without permission.

33

Newsom, L. D., M. Kogan, F. D. Miner, R. L. Rabb, S. G.
Turnipseed, and W. H. Whitcomb.
1980. General
accomplishments toward better pest control in soybean,
pp. 51-98. Di C. B. Huffaker [ed.], New technology of
pest control, Wiley, New York.
Palazzo, R. J. 1978. Comparison of the response of adults
and larvae of five lepidopteran species to seven
insecticides. M. S. thesis, Louisiana State
University, Baton Rouge.
Robertson, J. L., and H. K. Preisler.
1992.
Pesticide
bioassays with arthropods. CRC, Boca Raton, F L .
Roush, R. T., and G. L. Miller.
1986. Considerations for
design of insecticide resistance monitoring programs.
J. Econ. Entomol. 79: 293-298.
Sawicki, R. M.
1987.
Definition, detection and
documentation of insecticide resistance, p. 106.
In
M. G. Ford, D. W. Holloman, B. P. S. Khambay, and R.
M. Sawicki [eds.], Combating resistance to
xenobiotics. Horwood, Chichester, England.
Shour, M. H., and T. C. Sparks.
1981. Biology of soybean
looper, Pseudoplusia includens: characterization of
last stage larvae. Ann. Entomol. Soc. Am. 74: 521-535.
Sparks, T. C., H. A. Kirst, J. S. Mynderse, G. D. Thompson,
J. R. Turner, O. K. Jantz, M. B. Hertlein, L. L.
Larson, P. J. Baker, M. C. Broughton, and others.
1996. Chemistry and biology of the spinosyns:
components of spinosad (Tracer), the first entry into
DowElanco's naturlyte class of insect control
products, pp. 844-846.
In P. Dugger and D. A. Richter
[eds.], Proceedings 1996 Beltwide Cotton Conference,
Jan. 9-12, 1996, National Cotton Council, Memphis, TN.
Sullivan, M. J. 1992.
Insecticides recommended for control
of soybean looper in the southern United States:
report of their effectiveness. Soybean looper
resistance workshop, p. 35. In J. Hamer and H. N.
Pitre [eds.], Proceedings of soybean looper resistance
workshops, 1992, Nashville, TN, Mississippi State
University, Miss. Coop. Ext. Serv., Miss. Agri. For.
Exp. Stn.

Reproduced with perm ission of the copyright owner. Further reproduction prohibited without permission.

34

Sullivan, M. J., and J. W. Chapin. 1990.
Soybean looper
resistance work.
Soybean looper resistance workshop,
p. 37. Iri J. Hamer and H. N. Pitre [eds.], Proceedings
of soybean looper resistance workshops. 1990. Orange
Beach, AL, Mississippi State University, Miss. Coop.
Ext. Serv., Miss. Agri. For. Exp. Stn.
Thomas, J. D., J. S. Mink, and D. J. Boethel.
1993.
Diet
influences in permethrin susceptibility and growth of
soybean looper larvae (Lepidoptera: Noctuidae). J.
Econ. Entomol. 8 6 : 1236-1240.
Thomas, J. D., J. S. Mink, D. J. Boethel, A. T. Wier, and
B. R. Leonard.
1994. Activity of two novel
insecticides against permethrin-resistant Pseudoplusia
includens. Pestic. Sci. 40: 239-243.
Thomas, J. D., J. A. Ottea, D. J. Boethel, and S. Ibrahim.
1996.
Factors influencing pyrethroid resistance in a
permethrin-selected strain of the soybean looper,
Pseudoplusia includens (Walker).
Pestic. Biochem.
Physiol. 55: 1-9.
Thompson, G. D., J. D. Busacca, 0. K. Jantz, P. W. Borth,
S. P. Nolting, J. R. Winkle, R. L. Gantz, R. M.
Huckaba, B. A. Nead, L. G. Peterson, D. J. Porteous,
and J. M. Richardson.
1995.
Field performance in
cotton of spinosad: a new naturally derived insect
control system, p. 907. In D. A. Richter and J. Armour
[eds.], Proceedings 1995 Beltwide Cotton Conferences,
Jan. 4-7, 1995, National Cotton Council, Memphis, TN.
Wier, A. T., D. J. Boethel, and P. S. Lingren.
1995.
Control of soybean looper with experimental chemistry
in Louisiana, 1994. Arthropod Management Tests. 20:
252.

Reproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

CHAPTER 2

DEVELOPMENT OF DISCRIMINATING CONCENTRATIONS
FOR INSECTICIDE RESISTANCE MONITORING
IN THE SOYBEAN LOOPER

Introduction
The soybean looper, Pseudoplusia includens

(Walker),

has a history of developing resistance to many classes of
insecticides used for its control

(Boethel et al. 1992) .

Due in part to its propensity for developing resistance to
chemical control measures, the soybean looper has emerged in
recent years as a costly and difficult pest to manage in
soybeans, particularly in areas where cotton and soybeans
are grown in adjacent fields

(Felland et al. 1990, Leonard

et al. 1990, Thomas and Boethel 1994) .

The most recent,

and

perhaps most costly, example of insecticide resistance
development by the soybean looper was its development of
resistance to the pyrethroid insecticide, permethrin.
Soybean looper resistance to permethrin has been
studied extensively.

Baseline dosage-mortality data for

this pest have been collected for several pyrethroid
insecticides

(Leonard et al. 1990, Mink and Boethel 1992,

Thomas and Boethel 1994) . However, several studies have
indicated that dosage-mortality lines are not appropriate
for determining the proportion of resistant individuals in a

35
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population a discriminating dose (Roush and Miller 1986,
ffrench-Constant and Roush 1990, Plapp et al. 1990, Zettler
and Cuperous 1990).
In 1992, Mink and Boethel developed a diagnostic
technique for evaluating permethrin resistance in the
soybean looper by exposing larvae, the target stage for
control measures, to permethrin-coated vials.

In 1993, a

similar technique was developed to monitor permethrin
resistance in soybean looper adults

(Mink and Boethel 1993).

These techniques provided relatively quick and simple
methods for determining permethrin resistance levels of
soybean looper populations from different geographic
regions.

In addition, some of the resistance mechanisms

involved (Rose et al. 1990, Thomas and Boethel 1994) and the
manner in which pyrethroid resistance is inherited (Thomas
and Boethel 1995) have been reported.
New chemistries are being evaluated for soybean looper
management, and some show promise as alternatives for
soybean looper control in both cotton and soybean.
Insecticides such as chlorfenapyr (Pirate®, American
Cyanamid, Princeton, NJ), emamectin benzoate

(Proclaim®,

Merck and Companay, Inc., Three Bridges, NJ) , and spinosad
(Tracer®, DowElanco, Indianapolis,

IN) are among the new

compounds, which act primarily as stomach poisons, being
tested for efficacy against lepidopteran pests such as the
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soybean looper. Although these chemistries have modes of
action that differ from pyrethroids, it is imperative that
resistance monitoring tools, such as development of
discriminating concentrations, are established for the
soybean looper.

This research is important to initiate

monitoring of insecticide efficacy before the onset of field
control failures.
The objective of this study was to develop
discriminating concentrations for the previously recommended
insecticide, permethrin (Ambush®) , and the currently
recommended standard, thiodicarb (Larvin®) , against
laboratory-reared and field-collected strains of soybean
looper using an insecticide-diet overlay bioassay (The
Bacillus thuringiensis insecticides are also recommended for
soybean looper management in Louisiana; however,

these

insecticides will be discussed in Chapter 3). In addition,
discriminating concentrations were established for the
experimental compounds

(Pirate®, Proclaim®, and Tracer®) .

This information should prove useful by providing a
practical method for evaluating their efficacy against
soybean looper.

In addition, it is vital to monitor possible

insecticide resistance development to these insecticides.
Materials and Methods
Insects. Soybean loopers were collected at three locations
in Louisiana from soybean fields with a standard 38 cm
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diameter sweep net during August and September of 1996.

The

sampling locations included Jeanerette (JEAN) in Iberia
Parish; Morganza (MORG), in Pointe Coupee Parish; and
Winnsboro (WINN), in Franklin Parish. In 1997, the same
three locations were sampled in addition to another location
near St. Joseph (STJOE), in Tensas Parish, Louisiana.
Larvae were transported to the laboratory and placed in 30
ml plastic rearing cups

(1 larva per cup) containing

approximately 5 mis of pinto bean-wheat germ diet
al. 1993) .

(Thomas et

Larvae were allowed to feed for 24 h on

artificial diet, and 3rd (20-30 mg), 4th (35-50 mg), and 5th
(75-125 mg) instars (Shour and Sparks 1981) of the field (P)
generation were selected for subsequent bioassays for all
locations. In addition to testing individuals from the P
generation, larvae from each field strain were retained to
establish laboratory colonies. Individuals from the first
generation of laboratory-reared insects

(FI) were tested

when larvae reached 3rd, 4th, and 5th instars. In addition,
an insecticide-susceptible strain of soybean looper

(USDA)

was obtained from the USDA-ARS Southern Insect Management
Laboratory at Stoneville, MS, and this served as the
reference strain.

Rearing procedures for the USDA strain

were identical to those used for the field-collected
strains.
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Bioassays: USDA strain. Insecticide-artificial diet overlay
bioassays were conducted to evaluate the effects of
formulated permethrin (Ambush®, 25.6% [ai wt/wt]; Zeneca Ag
Products, Wilmington, DE), thiodicarb (Larvin®, 32.5% [ai
wt/wt]; Rhone-Poulenc Ag Co., Research Triangle Park, NC),
chlorfenapyr (Pirate®, 36% [ai wt/wt]; American Cyanamid,
Princeton, NJ), emamectin benzoate (Proclaim®, 2.15% [ai
wt/wt]; Merck Research Labs, Rahway, NJ), and spinosad
(Tracer®, 44.2%

[ai wt/wt]; DowElanco,

Indianapolis,

IN) on

3rd, 4th, and 5th instar field-collected and laboratoryreared soybean loopers.

Stock solutions

(10,000, 1000, or

100 ppm in distilled water) were prepared based upon percent
active ingredient

(ai).

Dilutions were made using distilled

water to obtain the discriminating concentration for each
insecticide. Discriminating concentrations were defined as
those concentrations that killed approximately 90-95% of the
individuals tested from the susceptible strain.

Each

discriminating concentration was developed using the USDA
reference strain. Three mis of hot pinto bean-wheat germ
diet (Thomas et al. 1993) were pipetted into 30 ml plastic
diet cups, and 100 pi of serial concentrations of a
particular insecticide were applied to the diet surface and
allowed to dry for 1 h.

The reference strain larvae were

exposed to the treated diet as well as diet treated with
distilled water only.

The LCgos obtained in the dosage-
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mortality bioassays were used to develop the discriminating
concentration for each insecticide.
individuals

A large number of

(250) from the reference strain was exposed to

this concentration to confirm that mortality of the
susceptible population was within the 90-95% range.

One

larva was held in each treated diet cup, and insects were
held at room temperature (23+2°C), at 35% relative humidity
during the experimental period.

Mortality was recorded at

72 and 96 h, and larvae were considered dead if they did not
respond to prodding.
Analysis.

Data were corrected for control mortality using

Abbott's formula
analysis

(Abbott 1925) and analyzed using probit

(POLO-PC, LeOra Software 1987). The LCgos obtained

in the dosage-mortality bioassay was used to develop the
discriminating concentration for each insecticide.
Bioassays: field strains.

Once discriminating

concentrations were established with the USDA reference
strain, individuals from the P generation of each fieldcollected strain of soybean looper (JEAN, MORG, STJOE, and
WINN) were exposed to diet treated with a discriminating
concentration of each insecticide, as well as distilled
water controls.

The same procedure was conducted on all

field-collected strains using individuals from the FI
generation to ensure that mortality was not due to factors
other than insecticide exposure (i.e., disease, parasitism)
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and to compare the results of the two generations to
determine whether the P generation larvae could be used
rather than rearing insects to the FI generation.
Three mis of pinto bean-wheat germ diet were pipetted into
plastic 30 ml diet cups. Once the diet had cooled,

100

\i l

of

a discriminating concentration of an insecticide were
pipetted onto the surface of the diet, and the cups were
rolled and shaken slightly to distribute the insecticide
evenly across the surface of the diet and allowed to dry for
1 h. One larva was held in each treated diet cup, and
insects were held at room temperature (23+2°C), at 35%
relative humidity during the experimental period.

Mortality

was recorded at 72 and 96 h, and larvae were considered dead
if they did not respond to prodding.
Analysis.

All data were corrected for control mortality

using Abbott's

(1925) formula and analyzed using Categorical

Data Modeling and specific linear contrasts
1997).

(SAS Institute

Field-collected strains were compared to each other

and to the USDA strain within the P generation.

Comparisons

were also made among the USDA strain and field-collected
strains in the FI generation bioassays. Probability values
(P=0.05) were adjusted using the Bonferroni adjustment
according to the number of contrasts made
Johnson 1984).

(Millikan and

Data were expressed as 72 h percentage

survival for the P and FI generations.
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In addition to differences among strains, the 72 h FI
data were analyzed by strain to determine differences among
3rd, 4th, and 5th instar larvae for each insecticide.
Differences were determined using Categorical Data Modeling
and specific linear contrasts (SAS Institute 1997).
Probability values

(P=0.05) were adjusted using the

Bonferroni adjustment according to the number of contrasts
made (Millikan and Johnson 198 4).
Results and Discussion
The responses of the P and FI generations of the
soybean looper strains evaluated are listed as percentage
survival at 72 h. A 5 ppm discriminating concentration was
determined for permethrin (Ambush®) in this study. All
strains from the P and FI generations had significantly
higher survival than that of the USDA reference strain in
1996 and 1997 (Figures 2.1 and 2.2, respectively). However,
the highest percentage survival was observed in the P and FI
generations of the MORG and WINN strains in 1996 and from
the WINN and STJOE strains in 1997, all of which were
collected in cotton production areas. These results confirm
previous studies that documented increased soybean looper
resistance to pyrethroids in areas where cotton and soybean
were grown in close proximity (Leonard et al. 1990, Felland
et al. 1990, Mink and Boethel 1992) compared to areas where
soybean was predominately produced.
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Figure 2.1.
Percentage survival of 1996 P and FI generation soybean looper
larvae exposed to the discriminating concentration (5 ppm) of permethrin
(Ambush®) 72 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0083, Specific Linear Contrasts (SAS
Institute 1997).
Comparisons were made among strains within each generation
(P or FI).
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Figure 2.2.
Percentage survival of 1997 P and FI generation soybean looper
larvae exposed to the discriminating concentration (5 ppm) of permethrin
(Ambush®) 72 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0050, Specific Linear Contrasts (SAS
Institute 1997).
Comparisons were made among strains within each generation
(P or FI).
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Vial data using a discriminating dose of permethrin
(Mink and Boethel 1992) indicated that soybean looper
populations from Jeanerette, Morganza, and Winnsboro
exhibited 60, 56, and 71% survival, respectively, in 1996
(D. J. Boethel, unpublished data).

In 1997, percentage

survival from these three locations was 37, 77, and 73%,
respectively, and 67% from St. Joseph (D. J. Boethel,
unpublished data).

With the exception of vial data

collected from Jeanerette in 1996, these data confirm
results obtained in the present study from the insecticidediet overlay bioassays

(Figures 2.1 and 2.2).

In the thiodicarb (Larvin®) bioassays, a discriminating
concentration of 1300 ppm was used.

In 1996, significant

differences were observed in survival between the USDA (5%)
strain and the MORG (28%) and WINN
generation assays

(Figure 2.3).

(22%) strains in the P

However, the differences in

percentage survival observed between the USDA and fieldcollected strains became less evident in the FI generation
assays with no significant differences between the USDA
strain and the field-collected strains

(Figure 2.3).

In

1997, there were significant differences between fieldcollected strains and the USDA strain in both P and FI
generation bioassays, with the highest percentage survival
observed in the P generation of the JEAN strain (43%) and
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Figure 2.3.
Percentage survival of 1996 P and FI generation soybean looper
larvae exposed to the discriminating concentration (1300 ppm) of thiodicarb
(Larvin®) 72 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0083, Specific Linear Contrasts (SAS
Institute 1997).
Comparisons were made among strains within each generation
(P or FI).
CTt
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the FI generations of the WINN (42%) and STJOE (39%)

strains

(Figure 2.4).
Although differences in survival occurred in soybean
looper populations collected from the field relative to the
USDA reference strain in 1996 and 1997, thiodicarb is still
providing excellent control of soybean looper in Louisiana
(Mascarenhas et al. 1996).
as Alabama

However, in other states, such

(Sullivan 1992) and South Carolina (Sullivan and

Chapin 1990), growers have had to use higher rates of
thiodicarb than that recommended in Louisiana to adequately
control soybean loopers.

For this reason, researchers and

growers should be aware of the changes in the response of
soybean looper populations in Louisiana to this insecticide.
For chlorfenapyr (Pirate®) , a discriminating
concentration of 60 ppm was determined.

In 1996, there were

no significant differences in the percentage survival
between the USDA (5%) strain and the P generation fieldcollected strains

(Figure 2.5).

In the FI generation

bioassays, the only strain with survival significantly
higher than that of the USDA strain, was the JEAN (15%)
strain.

However, the percentage survival observed in the

JEAN strain was not significantly higher than the MORG
or WINN (7%) strains

(7%)

(Figure 2.5). In 1997, there were no

significant differences among any strains in the P or FI
generation bioassays

(Figure 2.6).

These results were not
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Figure 2.4.
Percentage survival of 1997 P and FI generation soybean looper
larvae exposed to the discriminating concentration (1300 ppm) of thiodicarb
(Larvin®) 72 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0050, Specific Linear Contrasts (SAS
Institute 1997).
Comparisons were made among strains within each generation
(P or FI).
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Figure 2.5. Percentage survival of 1996 P and FI generation soybean looper
larvae exposed to the discriminating concentration (60 ppm) of clorfenapyr
(Pirate®) 72 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0083, Specific Linear Contrasts (SAS
Institute 1997). Comparisons were made among strains within each generation
(P or FI).
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Figure 2.6.
Percentage survival of 1997 P and FI generation soybean looper
larvae exposed to the discriminating concentration (60 ppm) of chlorfenapyr
(Pirate®) 72 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0050, Specific Linear Contrasts (SAS
Institute 1997).
Comparisons were made among strains within each generation
(P or FI).
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surprising because chlorfenapyr has not been used
commercially for soybean looper control.
A discriminating concentration of 5 ppm was determined
for emamectin benzoate (Proclaim®) , and this was the
lowest concentration developed for all the experimental
insecticides evaluated. In both 1996 and 1997, the
percentage survival observed in the USDA strain was 5%, and
there were no significant differences in percentage survival
between the USDA reference strain and field-collected
strains in the P or FI generation bioassays

(Figures 2.7 and

2.8). However in 1996, the MORG and WINN strains exhibited
survival

(both 0%) numerically lower than that of the USDA

(5%) strain in the P generation bioassays. In the FI
generation bioassays, all field-collected strains had
survival numerically lower than that of the USDA strain
(Figure 2.7).

In 1997, the MORG, WINN, and STJOE strains

had percentage survival either equal to or lower than the
USDA reference strain in both the P and FI generations
(Figure 2.8). As with chlorfenapyr, emamectin benzoate has
not been registered for use in soybean; therefore, the
results from these bioassays were as expected.
Finally,

in the spinosad (Tracer®) bioassays, a

discriminating concentration of 60 ppm was obtained.

In the

P and FI generation bioassays in 1996 and 1997, there were
no significant differences between the USDA strain and the
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Figure 2.7.
Percentage survival of 1996 P and FI generation soybean looper
larvae exposed to the discriminating concentration (5 ppm) of emamectin benzoate
(Proclaim®) 72 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0083, Specific Linear Contrasts (SAS
Institute 1997). Comparisons were made among strains within each generation
(P or FI).
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Figure 2.8.
Percentage survival of 1997 P and FI generation soybean looper
larvae exposed to the discriminating concentration (5 ppm) of emamectin benzoate
(Proclaim®) 72 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0050, Specific Linear Contrasts (SAS
Institute 1997).
Comparisons were made among strains within each generation
(P or FI).
cn
to

54

field-collected strains

(Figures 2.9 and 2.10). As with the

other experimental insecticides, this compound has not been
applied commercially for soybean looper control. In field
trials in Louisiana, this compound has shown very good
activity against soybean loopers (Mascarenhas et al. 1996).
When data were analyzed to determine differences among
percentage survival of 3rd, 4th, and 5th instars in the FI
generation bioassays for each insecticide, there were no
significant differences detected with any of the
experimental insecticides in 1996 (Table 2.1).

The same

was true in 1997, with the exception of chlorfenapyr in
bioassays evaluating the JEAN strain in 1997

(Table 2.2).

Similar differences among instars were noted for the JEAN
strain in the permethrin bioassays in 1996 and 1997, with
3rd instars demonstrating significantly higher percentage
survival than 4th or 5th instars.
In the thiodicarb bioassays, significant differences
among instars were observed in 1997 in soybean looper
strains collected from Jeanerette (JEAN) and St. Joseph
(STJOE)

(Table 2.2), with greater survival of 3rd instars

observed in the JEAN strain and reduced survival of 3rd
instars observed in the STJOE strain.
Mink and Boethel

(1992) reported that responses of 3rd,

4th, and 5th instar soybean loopers exposed to a
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Figure 2.9.
Percentage survival of 1996 P and FI generation soybean looper
larvae exposed to the discriminating concentration (60 ppm) of spinosad
(Tracer®) 72 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0083, Specific Linear Contrasts (SAS
Institute 1997).
Comparisons were made among strains within each generation
(P or FI).
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Figure 2.10.
Percentage survival of 1997 P and FI generation soybean looper
larvae exposed to the discriminating concentration (60 ppm) of spinosad
(Tracer®) 72 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0050, Specific Linear Contrasts (SAS
Institute 1997).
Comparisons were made among strains within each generation
(P or FI) .
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Table 2.1.
Percentage survival3, by instar, of 1996 FI generation soybean looper strains
exposed to discriminating concentrations of insecticides 72 h after exposure.

Insecticide
Strain

Instar

permethrin

thiodicarb

chlorfenapyr

emamectin benzoate

spinosad

STNV

3rd
4th
5th

4 a
4 a
2 a

5 a
7 a
3 a

6 a
3 a
5 a

6 a
6 a
3 a

3 a
5 a
4 a

JEAN

3rd
5th
5th

70 b
87 b
50 a

11 a
20 a
11 a

13 a
17 a
10 a

3 a
7 a
2 a

13 a
7 a
5 a

MORG

3rd
4th
5th

96 a
98 a
98 a

14 a
10 a
14 a

6 a
6 a
10 a

0 a
0 a
1 a

8 a
2 a
6 a

WINN

3rd
4th
5th

100 a
100 a
100 a

4 a
10 a
6 a

3 a
7 a
13 a

0 a
3 a
2 a

3 a
3 a
3 a

aData were analyzed by strain within each insecticide. Percentage survival followed by
different letters are significantly different (P<0.0167), Specific Linear Contrasts (SAS
Institute 1997).

cn

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 2.2.
Percentage survival**, by instar, of 1997 FI generation soybean looper strains
exposed to discriminating concentrations of insecticides 72 h after exposure.

Insecticide
Strain

Instar

permethrin

thiodicarb

chlorfenapyr

emamectin benzoate

spinosac

STNV

3rd
4th
5th

2 a
2 a
6 a

2 a
2 a
8 a

8 a
4 a
14 a

4 a
8 a
2 a

6 a
6 a
2 a

JEAN

3rd
5th
5th

78 c
50 b
42 a

40 b
16 a
18 a

30 c
10 b
6 a

6 a
8 a
6 a

12 a
8 a
4 a

MORG

3rd
4th
5th

44 a
28 a
52 a

30 a
24 a
16 a

14 a
14 a
8 a

4 a
4 a
4 a

12 a
6 a
4 a

WINN

3rd
4th
5th

66 a
62 a
64 a

44 a
46 a
36 a

16 a
12 a
16 a

4 a
4 a
2 a

4 a
8 a
4 a

STJOE

3rd
4th
5th

68 a
62 a
68 a

22 a
48 b
46 b

8 a
4 a
6 a

4 a
6 a
2 a

14 a
6 a
4 a

aData were analyzed by strain within each insecticide. Percentage survival followed by
different letters are significantly different (PC0.0167), Specific Linear Contrasts (SAS
Institute 1997) .
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discriminating concentration of permethrin in glass vials
were similar, thus, allowing the researchers to use a
combination of instars in subsequent bioassays.
concluding remarks, Mink and Boethel

In their

(1992) stated:

"Elimination of the need to separate instars
important in the use of this technique in
field: only limited training will be required
classify larvae into the broad size range
perform this bioassay."

is
the
to
to

This approach also appears feasible for the insecticide diet
overlay bioassay technique, especially for the experimental
insecticides.

With the exception of two strains that

yielded conflicting results in 1997, the instars exposed to
thiodicarb responded similarly.

Therefore,

the utilization

of a range of larval sizes appears justified when evaluating
this insecticide.
Although most strains did not exhibit differences among
instars in the permethrin bioassays, the results obtained
from the JEAN strain indicate that separation of instars may
be necessary.

However, because toxicity of permethrin

occurs by contact with the insecticide, and the permethrincoated vial technique used by Mink and Boethel

(1992)

requires no separation of instars and yields results in 24
hours, it should be the choice of techniques for monitoring
resistance for this insecticide.
In general, the insecticide diet overlay bioassay
appears to demonstrate that same practicality as the vial
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technique because it relieves researchers of the time
consuming task of weighing larvae for placement on diet
treated with discriminating concentrations.

Rather, those

monitoring responses to these insecticides, with exception
of permethrin,

should be able to select any larva within the

20-125 mg weight range.
In addition to the advantage of using several instars
of soybean loopers with this technique, the use of the P
generation rather than the FI generation also increases the
practicality of the bioassay.

There appeared to be few

differences between percentage survival in the P and FI
generations

(Figures 2.1-2.10)

for most insecticides.

Therefore, in the future, larvae collected directly from
the field may be substituted for FI individuals, relieving
the need for rearing insects and increasing the speed in
which results may be obtained.

However, adequate numbers

of controls must be run to assess natural mortality.
In summary, thiodicarb, used in Louisiana for soybean
looper control,

showed variable activity against larvae

exposed to the discriminating concentration.

However,

field

data have indicated that this compound is still providing
adequate control of soybean loopers.

The experimental

compounds provided good activity against most strains of
soybean loopers examined and show promise as alternative
insecticide chemistries for managing this pest.
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The development of discriminating concentrations for
particular insecticides is not a novel resistance monitoring
technique.

McCutchen et al.

(1989) developed a glass-vial

technique for detecting resistance in tobacco budworm,
Heliothis virescens
Boethel

(F.), larvae in cotton, and Mink and

(1992) and Mink and Boethel

(1993) used similar

techniques for evaluating permethrin resistance in soybean
looper larvae and adults, respectively, as did Martin

(1994)

for monitoring resistance to cypermethrin, endosulfan, and
methomyl in the tobacco budworm.
Joyce et al.

(1986) used an insecticide-diet overlay

bioassay for developing dosage-mortality lines for
thiodicarb against the cotton bollworm, Helicoverpa zea
(Boddie), the fall armyworm, Spodoptera fruqiperda

(J. E.

Smith) , the beet armyworm, Spodoptera exigua (Htibner) , and
the tobacco budworm.

In addition, Chandler and Ruberson

(1996) used this technique to develop dosage-mortality lines
for chlorfenapyr, cypermethrin, thiodicarb, and
diflubenzuron against the beet armyworm.

However, no

discriminating concentrations were developed for the
insecticides used in either of these studies.

Martin

(1994)

used the insecticide-diet overlay method for developing a
discriminating concentration for thiodicarb against the
tobacco budworm, but no other insecticides were evaluated
using this technique.

The development and use of
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discriminating concentrations for experimental stomach
poisons against the soybean looper represents a new approach
to resistance monitoring for this pest.
The technique used in the present study has several
advantages.

For example, this bioassay method 1) involves

monitoring resistance levels in the target stage of the pest
(larvae), 2) can be used on field generation larvae from a
range of different instars

(3rd-5th), as well as subsequent

laboratory generations, and 3) is less expensive and less
labor intensive than running dosage-mortality bioassays for
each insecticide.

Early testing using discriminating

concentrations, rather than multiple concentrations that may
require several insect generations to complete, will give
researchers a better indication of actual resistance levels
because evaluations can be made prior to reversion of
susceptibility in field-collected strains

(Elzen et al.

1992).
In conclusion, if discriminating concentrations can be
determined for experimental and standard insecticides before
field control failures, researchers may be able to delay
insect resistance development and perhaps extend the use of
these insecticide chemistries as viable management tools.
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CHAPTER 3

R E S I S T A N C E M O N I T O R I N G T O B A C I L L U S T H U R I N G I E N S I S (BERLINER)
INSECTICIDES F OR SOYBEAN LOOPERS COLLECTED FROM
SOYBEAN AND BT-TRANSGENIC COTTON

Introduction
The preferred host of the soybean looper,
Pseudoplusia includens

(Walker), is soybean, but the

larvae can be found feeding on several plant hosts
including cotton (Canerday and Arant 1966).

Although the

soybean looper is considered to be only an occasional pest
of cotton, the crop is considered to have a great impact
on this pest's population dynamics.

For example,

serves as a source of nectar for the adults

it

(Burleigh

1972, Jensen et al. 1974) and as a probable site for
development of insecticide resistance (Feiland et al.
1990, Leonard et al. 1990, Thomas and Boethel 1994).
The history of insecticide resistance development by
the soybean looper has earned this pest the status as one
of the most costly to control pests of soybean grown in
the southeastern United States.

In addition, because of

past control failures with previously recommended
insecticides, soybean producers and researchers have
become increasingly concerned with the possibility of
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resistance development to the insecticides that are
currently available for soybean looper management.

In

Louisiana, only thiodicarb and the Bacillus thurinqiensis
(Berliner)

insecticides are recommended for control of

damaging populations of soybean looper (Baldwin et a l .
1997).

Currently,

there are several B. thurinqiensis

foliar insecticides labeled for use against the soybean
looper on soybean.

However, the efficacy of these

products over the past several years in field trials in
Louisiana has varied (Burris and Leonard 1993, White and
Leonard 1993, White and Leonard 1994, Mascarenhas et a l .
1995, Boyd et al. 1997), and these insecticides may not
continue to provide adequate control.

In fact,

inconsistent control with the B. thurinqiensis products
has already been reported in several states
1992).

(Sullivan

For this reason, it is necessary that research

into the status of soybean looper resistance to the B.
thuringiensis insecticides be conducted.
The growing season of 1996 marked the release of the
transgenic B. thurinqiensis-cotton (Bt-cotton) varieties
'NuCOTN 33B', and 'NuCOTN 35B'

(Delta and Pine Land Co.,

Scott, MS), which contain the Bollgard® (Monsanto
Corporation, St. Louis, MO) gene.

Since then other Bt-

cotton varieties have been released including 'Hartz 1220
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BG', 'Hartz 1215 BG' , 'Hartz 1244 BG' , 'Hartz 1330 BG',
and 'Hartz 1380 BG'
AR).

(Jacob Hartz Seed Company, Stuttgart,

These genetically engineered plants express the B.

thuringiensis 5-endotoxin, which is toxic to several
species of lepidopteran pests.

In addition these Bt-

cotton varieties produce the same insecticidal protein,
CrylA(c)

(Benedict 1996), that is found in several

biological insecticides such as Condor XL® and Dipel® (both
B. thurinqiensis var. kurstaki) .

The mass cultivation of

genetically altered cotton plants have soybean researchers
questioning the effects that these plants will have on
lepidopteran soybean pests such as the soybean looper and
more specifically, how this will affect the development of
resistance to the foliar B. thurinqiensis insecticides
(Boethel et al. 1992).
Because large plantings of Bt-cotton were initiated
during the 1996 growing season, it is difficult to predict
the outcome of incorporating this technology into
production systems.

The B. thurinqiensis gene placed in

cotton cultivars is expressed in most plant tissues;
therefore, larvae feeding on any part of the Bt-cotton
plant, at any time during the plant's development, will be
under selection pressure (Luttrell et al. 1995).

Although

this statement is made in reference to Heliothis virescens
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(F.) larvae, it should hold true for soybean loopers which
have been reported feed on cotton as well as soybean
(Hensley et al. 1964).

Studies in Mississippi have shown

that soybean loopers may prefer cotton over soybean as an
ovipositional host during the time during the growing
season when cotton has a more developed canopy than
soybean (Felland et a l . 1992).

This suggests strong

evidence of movement of soybean looper moths between
cotton and soybean in areas where the two crops are grown
in close proximity.

In addition, soybean loopers are

known to be occasional pests of cotton, causing damage by
consuming the foliage, and as stated previously,

if these

larvae feed on transgenic Bt-cotton plants, they will be
exposed to B. thuringiensis selection pressure.
Soybean looper has been reported to be more
susceptible to the B. thuringiensis endotoxins than other
lepidopteran pests such as the tobacco budworm, Heliothis
virescens

(F.), the cotton bollworm, Helicoverpa zea

(Boddie), and the beet armyworm, Spodoptera exigua
(Hubner) , but less susceptible than the cabbage looper,
Trichoplusia ni (Hubner), the velvetbean caterpillar,
Anticarsia gemmitalis
Plathypena scabra (F.)
al. 1990).

(Hubner), or the green cloverworm,
(Ignoffo et al. 1977, Macintosh et

However, according to Monsanto, the soybean
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looper is less susceptible than the tobacco budworm or the
cotton bollworm to the effect of the Bollgard® gene
(Anonymous 1995a), which is genetically engineered and
expressed in the transgenic Bt-cotton varieties.
Because several of the insects listed above are pests
of cotton as well as soybean, the chance that survivors of
B. thuringiensis exposure from a transgenic cotton system
will migrate to and reproduce on soybean should be a
realistic concern of researchers and growers alike.

In

addition, the high dose strategy used in transgenic Btcotton for managing resistance in the tobacco budworm
(Anonymous 1995b) does not apply to the soybean looper and
may in fact select for resistance in this insect.
If resistance management is not implemented,

the

widespread use of the B. thuringiensis endotoxins as
active ingredients of foliar sprays and genetically
engineered crops will likely produce resistant pest
populations

(Kennedy and Whalon 1995). Diamondback moth,

Plutella xylostella

(L.), resistance has already been

reported to B. thuringiensis var. kurstaki and aizawai
(Tabashnik et al. 1990, Shelton and Wyman 1992, Shelton et
al. 1993, Telekar and Shelton 1993, Tabashnik 1994).

This

resistance resulted from the intensive use of foliar B.
thuringiensis products following major problems with
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resistance to conventional synthetic organic insecticides
(Shelton et a l . 1993, Tabashnik 1994).

Although this is

the only example of resistance to B. thuringiensis
endotoxins serious enough to cause control failures in an
agricultural crop (Kennedy and Whalon 1995), there are
examples of laboratory selected resistance involving other
insect species, such as the tobacco budworm (Stone et al.
1989, Gould et a l . 1992) and the Colorado potato beetle,
Leptinotarsa decemlineata (Say)

(Whalon et al. 1993).

These cases of resistant colonies should reinforce the
concern that resistance will develop if more research
concerning this topic is not explored and management
strategies are not adopted (Tabashnik 1994) .

Therefore,

studies evaluating the toxicity of B. thuringiensis and
the development of resistance in the soybean looper to
these products are needed to avoid problems experienced by
soybean growers in the past, such as the loss of valuable
chemistries as methods of control.
The objectives of this study were to 1) evaluate the
toxicity of several B. thuringiensis insecticides using a
susceptible laboratory reference strain, and 2) establish
dosage-mortality data and discriminating concentrations
for Condor XL® (a commonly used B. thuringiensis
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insecticide in Louisiana), for soybean loopers collected
from soybean and Bt-cotton.
Materials and Methods
Dosage-mortality bioassays: toxicity of B . thuringiensis
insecticides.

Bioassays were conducted to determine the

effects of several formulated Bacillus thuringiensis var.
kurstaki and aizawai insecticides against 3rd-instar (2030 mg (Shour and Sparks 1981)) soybean loopers obtained
from the USDA-ARS Southern Insect Management Laboratory in
Stoneville, Mississippi.

This strain (USDA) is a

laboratory-reared strain that has been maintained without
insecticide exposure for numerous generations.
Artificial diet overlay bioassays were conducted to
evaluate the effects of several B. thuringiensis
insecticides on soybean looper.

These insecticides

included: Condor XL® (B. thuringiensis var. kurstaki, 15%
[ai wt/wt]; Ecogen, Langhorne, PA), Costar® (B.
thuringiensis var. kurstaki, 18% [ai wt/wt]; Sandoz Crop
Protection Corporation, Des Plaines,

IL) , Design WSP® (B.

thuringiensis var. aizawai, 3.8% [ai wt/wt]; Novartis,
Greensboro, NC), Dipel ES® (B. thuringiensis var. kurstaki,
3.8% [ai wt/wt]; Abbott Laboratories, North Chicago, IL),
Javelin WG® (B. thuringiensis var. kurstaki, 6.4% [ai
wt/wt]; Sandoz Crop Protection Corporation, Des Plaines,
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IL), Mattch® (B. thuringiensis var. kurstaki, 12% [ai
wt/wt]; Mycogen Corporation, San Diego, CA), MVP II® (B.
thuringiensis var. kurstaki, 20% [ai wt/wt]; Mycogen
Corporation, San Diego, CA), MYX 324-160

(B. thuringiensis

var. kurstaki, 24% [ai wt/wt]; Mycogen Corporation,

San

Diego, CA), and Xentari® (B. thuringiensis var. kurstaki,
10.3% [ai wt/wt]; Abbott Laboratories, North Chicago, IL) .
Concentrations of insecticides plus a distilled water
control were used for bioassays and were prepared in
distilled water according to percentage active ingredient
(ai).

Serial dilutions were used to obtain concentrations

necessary to establish dosage-mortality lines.
Three mis of hot pinto bean-wheat germ diet were
pipetted into individual plastic 30 ml diet cups with an
Eppendorf repeater pipet and a 50 ml Combitip.

The diet

was allowed to cool, and 100 pi of each concentration of
insecticide were pipetted into each cup using an Eppendorf
repeater pipet and 5 ml Combitip.

Diet cups were rolled

and shaken slightly to distribute the insecticide evenly
across the surface of the diet and allowed to dry for 1 h.
One larva was placed in each cup, and the cups were capped
(at least 50 larvae per concentration per insecticide)
(Roush and Miller 1986).

Insects were held at room

temperature (23+2°C) and 35% relative humidity.

Mortality
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was recorded 72 and 96 h after treatment for each
insecticide, and larvae were considered dead if they did
not respond to prodding.

Data were corrected for control

mortality using Abbott's formula

(Abbott 1925).

analyzed using POLO-PC (LeOra Software 1987).

Data were
Differences

among LC50S of different insecticides were considered
different if 95% confidence limits did not overlap.

A

significant chi-square value indicated a poor fit of
observed mortality responses.
Dosage-mortality bioassays: Bt-cotton strains exposed to
Condor XL®.

Dosage-mortality bioassays were conducted to

determine the relative susceptibility of soybean loopers,
collected from Bt-cotton strains

('NuCOTN 33B' and 'Hartz

1220 BG') and soybean, using formulated Condor XL®
(Bacillus thurinqiensis var. kurstaki, 7.5% [ai wt/wt],
Ecogen, Langhorne,

PA) .

Soybean looper strains were

collected from Bt-cotton and soybean from various
locations throughout Louisiana

(Table 3.1).

LCs0s were

obtained for Bt-cotton strains and soybean and compared to
that of the USDA reference strain.

Methods and analysis

were similar to those described previously for the dosagemortality bioassays when the different B. thuringiensis
(var. aizawai or kurstaki) insecticides were compared.
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Table 3.1.
Description of soybean looper field strains by identification code, collection
year, collection location, and host crop.

Code

Year

crop

USDA

----

Stoneville, Washington County, MS

laboratory

BTMOR96

1996

Morganza,

Bt-cotton ('NuCOTN 33B' )

BTWIN96

1996

Winnsboro,

BTIRC97

1997

Innis, Red Cross, Pointe Coupee Parish, LA

Bt-cotton ('Hartz 1220 BG')

BTWIN97

1997

Winnsboro,

Bt-cotton ('NuCOTN 33B' )

JEAN97

1997

Jeanerette, Iberia Parish, LA

soybean

MORG97

1997

Morganza, Pointe Coupee Parish, LA

soybean

STJOE97

1997

St. Joseph, Tensas Parish, LA

soybean

WINN97

1997

Winnsboro,

soybean

Location

Pointe Coupee Parish, LA
Franklin Parish, LA

Franklin Parish, LA

Franklin Parish, LA

Bt-cotton ('NuCOTN 33B' )

(J1
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Discriminating concentrations: Condor XL®.

Bioassays were

conducted to evaluate the effects of formulated Condor XL®
on 3rd-5th instars

(20-125 mg, Shour and Sparks 1981) of

the USDA laboratory reference strain.
To determine discriminating concentrations,

3 mis of

pinto bean-wheat germ diet (Thomas et al. 1993) were
pipetted in to 30 ml plastic diet cups, and 100 pi of
serial concentrations of Condor XL® were applied to the
diet surface and allowed to dry for 1 h.

The USDA larvae

were exposed to the treated diet and distilled water
controls.

One larva was held in each treated diet cup,

and mortality was recorded at 72 h.

Data were corrected

for control mortality using Abbott's formula (Abbott 1925)
and analyzed using probit analysis (POLO-PC, LeOra
Software 1987).

The LCgo obtained in the dosage-mortality

bioassay for the USDA strain was used to develop a
discriminating concentration for Condor XL®.

The

discriminating concentration was one that killed
approximately 90-95% of the USDA larvae.

A large number

of individuals (250) from the USDA strain were exposed to
this concentration to confirm that mortality of the
susceptible population was within the 90-95% range.
Field-collected strains of larvae were obtained from
soybean fields from Jeanerette

(JEAN), Iberia Parish;
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Morganza

(MORG), in Pointe Coupee Parish; and Winnsboro

(WINN), in Franklin Parish, throughout Louisiana in August
and September of 1996. In 1997, the same three soybean
sites were sampled in addition to another soybean location
from St. Joseph (STJOE), in Tensas Parish, Louisiana. Btcotton varieties 'NuCOTN 33B' sampled at Morganza (BTMOR),
in Pointe Coupee Parish and Winnsboro

(BTWIN), in Franklin

Parish, Louisiana in 1996. The Bt-cotton variety,
1220 BG'

'Hartz

(which is resistant to the herbicide Roundup®

(glyphosate, Monsanto, St. Louis, MO) and expresses the B.
thuringiensis 5-endotoxin) was sampled at Red Cross and
Innis, in Pointe Coupee Parish, Louisiana in 1997, in
addition to the BTWIN site.
the Bt-cotton variety,

The insects collected from

'Hartz 1220', at Red Cross and

Innis were combined into one strain, and FI individuals
are progeny from this combination (BTIRC).
At least 30, 3rd-5th instars, collected from soybean
(field [P] generations and progeny from field [FI]
generations) and Bt-cotton (FI generations), were exposed
to the discriminating concentration of Condor XL® (130
ppm).

Percentage survival for strains were corrected for

control mortality (Abbott 1925) and analyzed using
Categorical Data Modeling and specific linear contrasts
(SAS Institute 1997) to determine significant differences
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between the USDA and field-collected strains.

Field-

collected strains were compared to each other and the USDA
strain within the P generation.

Comparisons were also

made among the USDA strain and field-collected strains in
the FI generation bioassays.

Probability values

(P=0.05)

were adjusted using the Bonferroni adjustment according to
the number of contrasts made (Millikan and Johnson 1984).
Data were expressed as 72 h percentage survival for the P
and FI generations.
Results and Discussion
Dosage-mortality bioassays: comparison of B. -thuringiensis
insecticides.

Symptoms of exposure to B. thuringiensis

insecticides in susceptible soybean looper larvae included
darkening of the gut region at 24 to 48 h and complete
blackening and death of the insect by 72 to 96 h.

At 72 h

LC50S (Table 3.2) were lowest for Costar® and Design WSP®
(6.15 and 8.96 ppm, respectively) and highest for MVP II®
(1582.78 ppm). Javelin WG® had an LC50 (27.88 ppm) similar
to that of Condor XL® (27.12 ppm) . Only Costar® at 72 and
96 h had a significant chi-square, indicating a poor fit
of the data to the probit model (Robertson and Preisler
1992).
At 96 h after exposure, no LC50 could be determined
for the Mycogen Corporation insecticide, MYX 324-160
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Table 3.2. Toxicity of selected Bacillus thurinqiensis insecticides (in ppm) applied
to diet to a laboratory reference strain (USDA) of 3rd-instar soybean looper 72 and 96 h
after exposure.

Insecticide3

n b

Slope (SEM)

LCso (95% CL)c

j?

df

Condor XL® (72 h)

250

2.32

(0.28)

27.12

(2.93-33.17)

0.9

3

Condor XL® (96 h)

250

2.05

(0.25)

17.32 (13.44-21.56)

2.5

3

Costar® (72 h)

250

2.29

(0.25)

6.15

(4.09-9.35)

7 .9d

3

Costar® (96 h)

250

2.22

(0.25)

4.71

(2.11-9.22)

9. 9d

3

Design WSP® (72 h)

300

1. 91 (0 .20)

8 .96

(4.89-13.90)

2.3

3

Design WSP® (96 h)

300

3.08

5.76

(4.82-6.74)

3.5

3

Dipel ES® (72 h)

250

1. 99 (0.26)

16.71 (12.62-21.11)

7.4

3

Dipel ES® (96 h)

250

1.88

11.32

(8.04-14.61)

0.9

3

(0.37)

(0.26)

aBacillus thurinqiensis var. kurstaki except Design WSP^ which is B. thurinqiensis var.
aizawai.
°Number of larvae tested excluding controls.
Expressed in ppm.
d% *
significant (P=0.05).
(Table cont'd)
—j

vo
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Insecticidea

n b

Slope (SEM)

LC50 (95% CL)c

df

Javelin WG® (72 h)

240

2.09 (0.28)

27.88

(22.50-33.78)

1.0

2

Javelin WG® (96 h)

240

2.37

(0.32)

19.57

(6.57-31.54)

2.8

3

Mattch® (72 h)

300

1.08 (0.19)

147.62

(101.19-277.81)

2.9

3

Mattch® (96 h)

300

1.74

(22.63-88.71)

6.7

3

MVP II® (72 h)

250

1.41 (0 .20)

2.6

3

MVP II® (96 h)

250

1.08

MYX 324-160 (72 h)

250

1.36 (0.38)

MYX 324-160 (96 h)

250

Xentari® (72 h)

250

1.30 (0 .21)

Xentari® (96 h)

250

1.81

ars

•*»*»..

(0 .21)

(0 .21)

(0.23)

l__ •

47.55

1582.78 (11188 .76-2080.70)
265.46

(18.96-562.59)

5.3

3

423.85

(75.68-781.78)

1.7

3

---

-

135.59

(101.30-191.37)

1 .6

3

81.11

(64.13-101.15)

2.5

3

r^® ' L

•

T-i

aizawai.
Number of larvae tested excluding controls.
cExpressed in ppm.
significant (P=0.05).
CO
o
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because at this time period, a large number of insects
died at all concentrations evaluated (Table 3.2). The only
other insecticides evaluated at 96 h with LC50s
significantly different from those observed at 72 h were
the Mycogen Corporation insecticides, Mattch® and MVP II®,
and the Abbott Laboratories compound, Xentari® (Table 3.2).
These insecticides had LC50S that were significantly lower
at 96 h after exposure than at 72 h; therefore,

these

compounds require a longer period to cause effective
mortality in soybean loopers.

Field studies conducted in

Louisiana with these products by Boyd et a l . (1997),
confirm our bioassay results.

Boyd et al.

(1997) found

that many of the B. thurinqiensis insecticides,
particularly the Mycogen products, Mattch®, MVP II®, and
MYX 324-160, showed greater efficacy against soybean
loopers at 7 DAT than at 3 DAT.
Dosage-mortality bioassays: Bt-cotton strains exposed to
Condor XL®.

All field-collected soybean looper strains,

obtained from Bt-cotton and soybean, had LC50s
significantly greater than that of the USDA (27.12 ppm)
strain (Table 3.3). The LC50S of the Bt-cotton strains
BTWIN96 (90.14 ppm) and BTIRC97

(82.35 ppm) were not

significantly greater than the LC50S obtained for the
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Table 3.3. Toxicity of diet treated with Bacillus thurinqiensis var. kurstaki
(Condor XL®) to 3rd-instar soybean looper collected from soybean and transgenic Bt-cotton
72 h after exposure, 1996-1997.

na

Slope (SEM)

USDA

250

2.12 (0.24)

BTMOR96

250

1.66 (0.22)

BTWIN96

250

1.97 (0.26)

90.14

BTIRC97

250

1.98 (0.26)

82.35

BTWIN97

250

1.83 (0.22)

JEAN97

250

1.53 (0.21)

78.71

MORG97

250

1.56 (0.22)

STJOE97

250

WINN97

250

Strain

LC5C, (95% CL ) b

27.12

(21.93-33.17)

RR (95% CL)
--

df

0.5

3

6.93 (5.06-9.51)

2.7

3

(67.83-112.59)

3.32 (2.41-4.59)

0.5

3

(60.94-103.51)

3.03 (2.18-4.22)

0.5

3

186.49 (148.75-232.79)

6.88 (5.08-9.30)

1.0

3

(59.34-101.52)

2.90 (2.09-4.04)

0.1

3

74 .88

(56.52-96.02)

2.76 (1.99-3.83)

0.9

3

2.00 (0.24)

72.92

(58.29-89.38)

2 .69 (1.98-3.66)

1.8

3

1.81 (0.22)

100.63

(80.34-126.35)

3.71 (2.74-5.03)

2.7

3

188.09 (147.19-239.52)

aNumber of larvae tested excluding controls.
Expressed in ppm.
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soybean strains, JEAN97
STJOE97

(78.71 ppm), MORG97

(72.92 ppm), and WINN97

(74.88 ppm),

(100.63 ppm).

The Bt-cotton strains, BTMOR96 and BTWIN97, had the
greatest LC50S of 188.08 and 18 6.49 ppm, respectively
(Table 3.3).

Both of these Bt-cotton soybean looper

strains were collected from the 'NuCOTN 33B' variety.
These strains had LC50s that were significantly greater
than the LC50S of all other strains evaluated.

In

addition, the resistance ratios of the BTMOR96 (6.93) and
BTWIN97

(6 .88) strains were significantly higher than

resistance ratios obtained for all other strains evaluated
(Table 3.3) .
Discriminating concentrations: Condor XL®.

The LC90

obtained for the USDA strain exposed to Condor XL in the
dosage-mortality bioassay was 96.56 ppm.

From this value,

a discriminating concentration of 130 ppm was obtained
which killed 95% of the susceptible individuals.
All field-collected strains from both soybean and Btcotton (both generations) had significantly higher
percentage survival than the USDA strain when exposed to a
discriminating concentration in 1996 and 1997 (Figures 3.1
and 3.2).

In 1996, the larvae from the FI generation

collected from Bt-cotton in Morganza (BTMOR) and Winnsboro
(BTWIN) had the highest percentage survival, with 73 and
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Figure 3.1.
Percentage survival of 1996 P and FI generation soybean looper
larvae exposed to a discriminating concentration (130 ppm) of Bacillus
thuringiensis var. kurstaki (Condor XL®) 72 h after exposure.
Percentage
survival followed by different letters are significantly different at P<0.0033,
Specific Linear Contrasts (SAS Institute 1997).
Comparisons were made among
strains within each generation (P or FI).
co
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Figure 3.2.
Percentage survival of 1997 P and FI generation soybean looper
larvae exposed to a discriminating concentration (130 ppm) of Bacillus
thuringiensis var. kurstaki (Condor XL®) 72 h after exposure.
Percentage
survival followed by different letters are significantly different at P<0.0022,
Specific Linear Contrasts (SAS Institute 1997).
Comparisons were made among
strains within each generation (P or FI).
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65%, respectively, among all field-collected strains
evaluated.

In addition, these two Bt-cotton strains had

1.5 to 2.5-fold greater survival than the FI generation
larvae from soybean.
In 1997, the FI generation Bt-cotton strains

(BTIRC

and BTWIN) had percentage survival (55 and 65%,
respectively) greater than that of the soybean strains
(Figure 3.2).

However, only the strain collected from Bt-

cotton in Winnsboro, Louisiana (BTWIN), had significantly
greater percentage survival than all of the soybean
strains.

Survival in the BTWIN strain was 1.4 to 2.0-fold

greater than that of FI generation larvae collected from
soybean.
Data from this study indicate variable activity of B.
thuringiensis insecticides against soybean looper.
Inconsistent results concerning soybean looper control
have been reported with foliar B. thuringiensis
insecticides in Louisiana

(D. J. Boethel, unpublished

data, Burris and Leonard 1993, White and Leonard 1993,
White and Leonard 1994, Mascarenhas et a l . 1995, Boyd et
al. 1997).

However,

field control failures have not been

documented when these insecticides have been used at
higher rates recommended by the Louisiana Cooperative
Extension Service

(Baldwin et a l . 1997).

Soybean
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researchers and growers should be aware of changes
occurring in the responses of soybean looper populations
to foliar B. thuringiensis insecticides, so that
resistance to these compounds can be monitored and
appropriate decisions can be made concerning field
application.

Therefore, the development of baseline-

dosage mortality data for several B. thuringiensis
insecticides, such as those obtained in this study, are
essential for future reference, because as seen in Table
3.2,

the LC50S from different B. thuringiensis products

vary, possibly due to different isolates and potency
(expression of active ingredient). For this reason, it is
necessary to develop discriminating concentrations for
multiple B. thuringiensis insecticides, in addition to
Condor XL®.
Findings from the Condor XL® bioassays revealed that
soybean looper populations in Louisiana were less
susceptible to Condor XL®, when compared to a strain (LJSDA)
which has been reared for several generations without
exposure to B. thuringiensis insecticides.

In addition,

resistance ratios ranged for 3.0 to 6.9-fold when
comparing field-collected Bt-cotton strains to a
laboratory reference strain.

Finally, in data collected

from the FI generation of the Bt-cotton strain, BTMOR,
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there was 1.5 to 2.5-fold greater survival than FI
generation larvae collected from soybean in 1996.

In

1997, there was 1.4 to 2.0-fold greater survival of larvae
collected from the Bt-cotton strain, BTWIN, than larvae
collected from soybean.

These data are cause for concern

because if B. thuringiensis insecticides are lost to
resistance, Louisiana soybean growers will be left with
only one choice

(thiodicarb)

for controlling damaging

populations of soybean looper.
It is imperative that a proactive approach, of
establishing baseline mortality data and discriminating
concentrations for B. thuringiensis insecticides, be taken
in order to monitor insecticide resistance before field
control failures occur.

In addition, the evaluation of

the activity of B. thuringiensis insecticides and the
impact of Bt-cotton on soybean looper populations is
essential to maintain a viable integrated pest management
program for soybean.
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CHAPTER 4

FIELD EVALUATION OF SELECTED INSECTICIDES
F O R SOYBEAN LOOPER M A N A G E M E N T

Introduction
Insect resistance to insecticides is frequently
monitored through the use of laboratory bioassays.
Historically, these experiments (particularly with
lepidopteran pests) have involved using the Fl-progeny of
field-collected strains for bioassays

(Forrester 1990).

However, these techniques may be costly, time consuming,
and somewhat insensitive (Roush and McKenzie 1987).
Discriminating dose

(or discriminating concentration)

bioassays can be used on field-collected insects (P
generation) and have proven to be quicker, cheaper,
simpler, and extremely sensitive for detecting even small
changes in insecticide resistance (Forrester and Cahill
1987).

Although these techniques are extremely useful in

detecting resistance in insect populations at low levels,
if the insecticides are not evaluated in the field in
conjunction with the laboratory bioassays, it is difficult
to determine when or if field control failures are
occurring.

Many attempts to correlate resistance

frequencies from discriminating dose bioassays with
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field control can be quite misleading because resistance
level is only one of several factors which determine the
success or failure of a field spray (Forrester 1990).

For

this reason, the resistance monitoring program should aim
simply to measure fluctuations in resistance frequency. It
is imperative that insecticide efficacy be evaluated in
the laboratory, and also in the field against natural
insect populations.
The objective of this study was to evaluate
experimental and standard insecticides in field trials to
determine their efficacy against naturally occurring
populations of soybean looper.
Materials and Methods
Field trials were conducted at the Macon Ridge Location,
Northeast Research Station, located near Winnsboro,
Louisiana (Franklin Parish) during August of 1995 and
1996, and at the Dean Lee Experiment Station, located near
Alexandria, Louisiana

(Rapides Parish)

during August of

1996.
Macon Ridge field trials.

Plots were 12.7 m long by 5

rows (101.6 cm row spacing) and arranged in a randomized
block (RBD) design with 4 replicates. The insecticide
treatments evaluated in 1995 included permethrin (Ambush
2E®, 25.6% [ai wt/wt], Zeneca Ag Products, Wilmington,
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permethrin + piperonyl butoxide (Butacide 8EC®, Fairfield
American Corporation, Frenchtown, NJ), Bacillus
thuringiensis var. kurstaki

(Condor OF®, 7.5% [ai wt/wt];

Ecogen, Langhorne, PA), thiodicarb (Larvin 3.2F®, 35.5%

[ai

wt/wt]; Rhone-Poulenc, Research Triangle Park, NC),
chlorfenapyr (Pirate 3SC®, 36% [ai wt/wt]; American
Cyanamid, Princeton, NJ), and spinosad (Tracer 4E®, 44.2%
[ai wt/wt]; DowElanco, Indianapolis, IN).

In 1996, the

same insecticides were evaluated, however the B.
thuringiensis var. kurstaki formulation, Condor XL®,
[ai wt/wt]; Ecogen, Langhorne,

(15%

PA) replaced Condor OF® and

emamectin benzoate (Proclaim 5SG®, 2.15% [ai wt/wt]; Merck
Research Labs, Rahway, NJ) was added to the treatment
list.
Insecticides were applied with a tractor mounted
compressed air sprayer calibrated to deliver 93.45 1 per
ha at 2.45 kg per cm2 (atm) through TX12 hollow cone
nozzles

(2 per row) to R5 stage (Fehr et al. 1971)

'DPL

3682' soybeans on August 23, 1995 and August 21, 1996.
Posttreatment samples (25 sweeps per plot) were taken at
2, 5, and 7 days after treatment

(DAT) during each year

with a standard 38.1 cm diameter sweep net.
occurred during the experimental period.

No rainfall

Plots were

irrigated as needed, and moisture was not considered to be
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a limiting factor for insecticide efficacy.

Data were

analyzed according to ANOVA and means separated according
to Duncan's Multiple Range Test (DMRT) (Pesticide Research
Manager 5, Gylling Data Management, Inc., 1996)
Dean Lee field trials.

Experimental methods were similar

to those used in the Macon Ridge Location field trials.
However, plot size for the Dean Lee field trials was 12.7
m by 4 rows

(96.5 cm row spacing) and arranged in a RBD

design with 4 replicates.

The insecticides evaluated in

the Dean Lee field trials were the same as those evaluated
in the Macon Ridge field trials. However, the treatments,
methoxyfenozide

(Intrepid 80WP®, 80% [ai wt/wt]; Rohm &

Haas Co, Philadelphia,

PA) plus the adjuvant, Latron CS-7®

(Rohm & Haas Co, Philadelphia, PA), emamectin benzoate
plus the adjuvant, Aero Dyne-Amic®,

(Helena Chemical

Company, Memphis, TN), and permethrin plus acephate
(Orthene® 75S, 75% [ai wt/wt]; Valent USA Corporation,
Walnut Creek, CA) were added.

Insecticide treatments were

applied on August 14, 1996 to R5 stage 'Buckshot 723'
soybeans using a CC>2-pressurized backpack sprayer
calibrated to deliver 140.31 1 per ha at 2.45 kg per cm2
(atm) through TJ8002 flat fan nozzles (2 per row).
Posttreatment samples

(25 sweeps per plot) were taken

using a standard 38.1 cm diameter sweep net at 3 and 7
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days after treatment

(DAT).

A trace amount (1.75 cm) of

rainfall occurred during the experimental period in 1996.
Data were analyzed according to ANOVA and means separated
according to Duncan's Multiple Range Test (Pesticide
Research Manager 5, Gylling Data Management, Inc., 1996).
Results and Discussion
Macon Ridge field trials.

In 1995, mean larval

numbers in untreated plots were 70.0, 36.8, and 29.3 at 2,
5, and 7 DAT, respectively (Table 4.1), thus numbers in
untreated plots at 2 and 5 DAT were above Louisiana's
action threshold (37.5 larvae > 1.27 cm per 25 sweeps).
Significantly fewer soybean loopers were found in treated
than untreated plots, and all treatments, except Ambush®
(without Butacide®) reduced soybean looper infestations
below Louisiana's action threshold at 2 DAT.

However, at

5 DAT, Ambush® and Ambush® + Butacide® failed to reduce
soybean loopers to significantly lower levels than those
in untreated plots.

At 7 DAT, the Ambush® + Butacide®,

Pirate®, Tracer® (0.028 and 0.056 kg ai/ha), respectively,
and Larvin® treated plots had significantly fewer soybean
loopers than untreated plots.

Numbers of soybean loopers

were lowest in plots treated with Larvin® and Tracer®
(0.056 kg ai/ha) at 2, 5, and 7 DAT, but not significantly

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without permission.

99

Table 4.1.
Evaluation of selected experimental and
standard insecticides against soybean looper in Northeast
Louisiana, Macon Ridge Location, Northeast Research
Station, 1995.

Mean no. of sclybean
loopers per 25 sweeps'
3
Treatment

Rateb

2 DAT

5 DAT

7 DAT

Ambush 2E®

0.112

37.5 b

37.8 a

12.0 ab

Ambush 2E +
Butacide 8E®

0.112
1.120

25.8 c

25.0 ab

10.3 be

Pirate 3SC®

0.168

19.3 cd

13.3 be

11.5 be

Condor OF®

1.755

17 .3 cd

6.8 c

16.8 abc

Tracer 4E®

0.028

15.0 cd

8.8 c

11.8 b

Tracer 4E®

0.056

9.5 b

3.3 c

3.0 c

Larvin 3.2F®

0.504

8.5 d

4.3 c

5.0 c

70.0 a

36.8 a

29.3 a

Untreated
P > F (ANOVA)
CV

0.0001
37.47

0.0002
58.79

0.0160
69.72

^Column means followed by the same letter do not
significantly differ (P=0.05; DMRT).
bkg/ha with exception of Condor OF® which is liters of
formulated product/ha.
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lower than plots treated with Pirate®, Condor OF®, Tracer®
(both rates), or Larvin®.
In 1996, at 2, 5, and 7 DAT soybean looper densities
in the untreated plots were 29.0, 41.3, and 27.3 larvae
per 25 sweeps, respectively (Table 4.2).

These densities

were not above Louisiana's action threshold
1.27 cm per 25 sweeps).

(37.5 larvae >

Significantly fewer soybean

loopers were found in treated than in untreated plots,
except those treated with Ambush® and Condor XL®, at 2 DAT
(Table 4.2).

At 5 DAT, soybean loopers were significantly

lower in all insecticide treated plots than in untreated
plots.

At 7 DAT, all treated plots, with the exception of

those treated with Ambush®, had significantly fewer soybean
loopers than the untreated plots.
Dean Lee field trials.

Pretreatment soybean looper

densities were above Louisiana's action threshold, and
mean larval numbers in untreated plots were 54.3 and 24.3
at 3 and 7 DAT, respectively (Table 4.3).

Significantly

fewer soybean loopers were collected in treated plots at 3
DAT and in all treated plots, except those treated with
Ambush® (without Butacide®), at 7 DAT.

At 3 DAT Pirate®,

Larvin®, Tracer®, Ambush® + Butacide®, and Intrepid® at the
high rate provided the best soybean looper control, but
not significantly better than the plots treated with
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Table 4.2. Evaluation of selected experimental and
standard insecticides against soybean looper in Northeast
Louisiana, Macon Ridge Location, Northeast Research
Station, 1996.

Mean no. of sciybean
loopers per 25 sweeps3
Treatment

Rate*

2 DAT

5 DAT

7 DAT

Ambush 2E®

0.112

23.5 a

21.8 b

33.3 a

Ambush 2E® +
Butacide 8E®

0.112
1 .120

7.5 b

12.0 c

14.0 b

Pirate 3SC®

0. 196

3.5 b

Condor XL®

1. 755

22.5 a

11.3 c

Tracer 4E®

0. 056

6.0 b

1.0 d

3.0 d

Proclaim 5SG®

0 .008

10.3 b

7.8 cd

6.5 cd

Larvin 3.2F®

0. 504

5.0 b

1.5 d

2.0 d

29.0 a

41.3 a

27.3 a

Untreated
P > F (ANOVA)
CV

0.0001
44 .32

4.3 cd

0.0001
39.79

2.0 d
9.8 be

0.0001
33.60

aColumn means followed by the same letter do not
significantly differ (P=0.05; DMRT).
fakg/ha with exception of Condor XL® which is liters of
formulated product/ha.
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Table 4.3.
Evaluation of selected experimental and
standard insecticides against soybean looper in Central
Louisiana, Dean Lee Research Station, 1996.

Mean n o . of soybean
loopers pe r 25 sweeps3
Treatment

Rate*

3 DAT

7 DAT

Ambush 2E®

0.112

37.3 b

30.0 a

Ambush 2E® +
Butacide 8E®
Ambush 2E® +
Orthene 7 5S®

0.112
1.120
0.112
0.560

6.8 e

10.0 b

27.8 be

8.8 b

Pirate 3SC®

0.196

7.0 e

2.5 b

Condor XL®

1.755

21.0 cd

9.8 b

Tracer 4E®

0.028

13.8 de

11.0 b

Tracer 4E®

0.056

4.3 e

10.3 b

Proclaim 5SG®

0.008

12.8 de

7.8 d

Proclaim 5SC® +
Aero Dyne-Amic®
Intrepid 80 WP® +
Latron CS-7®
Intrepid 80 WP® +
Latron CS-7®
Larvin 3.2F®

0.004
0.625
0.140
0.125
0.280
0.125
0.504

9.3 de

5.3 b

5.8 e

1.5 b

8.5 de

1.3 b

2.5 e

4.3 b

54.3 a

24.3 a

Untreated
P > F (ANOVA)
CV

0 .0001
51. 95

0.0001
69.28

^Column means followed by the same letter do not
significantly differ (P=0.05; DMRT).
*kg/ha with exception of Condor XL® which is liters of
formulated product/ha, Aero Dyne-Amic which is % v/v, and
Latron CS-7® which is % v/v.
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Proclaim® and the lower rate of Intrepid®.

At 7 DAT, the

best control was provided by Pirate® and both rates of
Intrepid®.

There were no significant differences, however,

between soybean looper numbers found in any of the treated
plots, with the exception of the plots treated with Ambush®
(without Butacide®) .

In this case, soybean looper

populations were not significantly different from those
found in the untreated plots.
Results from the field studies indicate that
resistance to Ambush® observed in the past is still
prevalant in soybean looper populations migrating to
central and north Louisiana annually.

In addition, when

Butacide® and Ambush® were combined, control of soybean
loopers was significantly greater than Ambush® alone on
most sampling dates, confirming data obtained by Thomas
and Boethel

(1994) that soybean looper resistance to

permethrin is due primarily to a metabolic mechanism,
specifically mixed-function oxidases.

Although addition

of the synergist, Butacide®, provided control comparable to
that of Larvin®, Condor OF®, or Condor XL® at most sampling
dates, the expense of the synergist especially at the rate
used in these trials, would be prohibitive relative to the
currently recommended effective alternatives.

Larvin® and

Condor XL® are still providing adequate control of soybean
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looper larvae in Louisiana and the newer insecticide
chemistries, Intrepid®, Pirate®, Proclaim®, and Tracer®, are
very effective, as well.

Data obtained from field trials

conducted in Louisiana in previous years and during years
when the present studies were conducted have shown similar
results with these insecticides

(Thomas et al. 1993, Wier

et al. 1994, Leonard and White 1995, Wier et al. 1995,
Fife et al. 1996, Fitzpatrick et al. 1996). In addition,
the field data collected from Ambush® and the experimental
insecticides,

Pirate®, Proclaim®, and Tracer® confirmed

results found in the laboratory bioassays covered in
Chapters 1 and 2.

Although in laboratory bioassays,

discussed in Chapter 1 and 2, there were significant
differences between the laboratory reference strain and
field strains when exposed to Larvin®, this insecticide is
still controlling soybean looper adequately under field
conditions. However,

if this insecticide is eventually

lost to resistance, the newer products, which represent
novel modes of action, appear to be promising as possible
additions to the soybean looper insecticide management
program in Louisiana should they receive registration on
the commodity.
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SUMMARY AND CONCLUSIONS

Management of soybean looper resistance to
insecticides has been a challenge for researchers and
growers alike for the past two decades.

The loss of

permethrin as a viable tool for soybean looper control
limited producers in their options for management of this
major soybean pest.

Information on the efficacy of

currently recommended insecticides and new experimental
compounds is vital to future insecticide resistance
management and to prolong the use of these products. Thus,
laboratory resistance monitoring techniques

(dosage-

mortality and discriminating concentration bioassays) were
investigated for monitoring resistance in the soybean
looper to previously and currently recommended
insecticides

(Ambush®, Larvin®, and the Bacillus

thuringiensis products), as well as experimental compounds
(Pirate®, Proclaim®, and Tracer®) .

In addition, trials

were conducted to evaluate the efficacy of these compounds
against naturally occurring populations of soybean looper
in the field. During the course of these studies, several
important observations were made and are listed below by
dissertation chapter:
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Chapter 1.

Responses of field-collected strains of
soybean looper to selected insecticides
using an artificial diet overlay bioassay:

1.

There were significant differences between LC50S of
several of the field-collected soybean looper strains
and the laboratory reference strain in the Ambush®,
Condor OF®, Larvin®, and Proclaim® bioassays.

For all

field strains exposed to Ambush® and Condor OF® the
LC50S of the field strains were higher than that of
the USDA reference strain.

In the Larvin® and

Proclaim® bioassys, only a few field strains had LC50S
significantly higher than that of the USDA reference
strain.

There were no significant differences

between LC50S of any strains in the Pirate® bioassays.
The LC50S of the field-collected strains in the
Tracer® bioassays were statistically similar to that
of the USDA strain, except in one case in which the
LC50 of the field strain (HAM95) was lower than that
of the USDA reference strain.
2.

The insecticide diet overlay technique appears to be
a practical method for obtaining dosage-mortality
lines for insecticides requiring ingestion.
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Chapter 2.

Development of discriminating
concentrations for insecticide resistance
monitoring in the soybean looper:

1.

There were significant differences between percentage
survival of field soybean looper strains and the
USDA laboratory reference strain when exposed to
discriminating concentrations of Ambush®, Larvin®,
Pirate®, and Proclaim®.
bioassays,

In the Ambush® and Larvin®,

field strains from the cotton-producing

areas of Louisiana (Morganza and Winnsboro) had
significantly higher percentage survival than the
laboratory reference strain.
bioassays,

In the Pirate®

the strain collected from Jeanerette had

significantly higher percentage survival than
reference strain.

In the Proclaim® bioassays, two

field strains had significantly lower percentage
survival than the susceptible strain.

There were no

significant differences between percentage survival
of field-collected and laboratory-reared strains in
the Tracer® bioassays.
2.

There were no significant differences between
percentage survival of 3rd, 4th, or 5th instars when
exposed to diet treated with the discriminating
concentrations of Pirate®, Proclaim®, Tracer®, and
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Larvin® for most strains evaluated.

Percentage

survival of larvae exposed to discriminating
concentrations of these insecticides in the strains
collected directly from the field (P) generation and
the progeny from the field (FI) generation were
similar.
3.

The use of the insecticide diet overlay technique and
discriminating concentrations for monitoring
resistance in soybean looper populations appears to
be a very practical method, requiring minimal
training in staging larvae according to instar.

Chapter 3.

Resistance monitoring to Bacillus
thuringiensis (Berliner) insecticides for
soybean loopers collected from soybean and
Bt-transgenic cotton:

1.

Different B. thuringiensis insecticides showed
variable activity against the CJSDA reference strain
of soybean looper in laboratory bioassays, and two
insecticides manufactured by Mycogen

(Mattch® and MVP

II®) and another by Abbott Laboratories

(Xentari®)

required a longer time period (96 h) to affect
mortality than the other B. thuringiensis
insecticides evaluated (Condor XL®, Costar®, Design
WSP®, Dipel ES®, and Javelin WG®) .
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2.

Dosage-mortality lines obtained for the larvae of the
USDA reference strain, soybean strains, and Bt-cotton
strains revealed significantly higher LC50s for the
soybean and Bt-cotton strains, confirming data
observed in the discriminating concentration
bioassays and indicating the possibility of
resistance development by soybean loopers to B.
thuringiensis insecticides recommended as foliar
sprays on cotton and soybean.

3.

Percentage survival of soybean loopers collected from
soybean and Bt-cotton exposed to a discriminating
concentration of Condor XL® were significantly higher
than that observed in the USDA reference strain, and
two Bt-cotton strains had the highest percentage
survival of all strains evaluated.

Chapter 4.

Field evaluation of selected insecticides
for soybean looper management:

1.

Larvin® and several B. thuringiensis insecticides
adequately controlled soybean looper populations
below action threshold recommended by the Louisiana
Cooperative Extension Service.

2.

Pirate®, Proclaim®, and Tracer® gave excellent control
of soybean looper larvae in the field, and activity
appeared similar to that provided by Larvin®.
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APPENDIX 2

NINETY-SIX HOUR SURVIVAL OF SOYBEAN LOOPERS EXPOSED TO
DISCRIMINATING CONCENTRATIONS OF SELECTED INSECTICIDES
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Figure A.I.
Percentage survival of 1996 P and FI generation soybean looper
larvae exposed to a discriminating concentration (5 ppm) of permethrin (Ambush®)
96 h after exposure.
Percentage survival followed by different letters are
significantly different at P<0.0083, Specific Linear Contrasts (SAS Institute
1997). Comparisons were made among strains within each generation
(P or FI) .
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Figure A.2. Percentage survival of 1997 P and FI generation soybean looper
larvae exposed to a discriminating concentration (5 ppm) of permethrin (Ambush®)
96 h after exposure.
Percentage survival followed by different letters are
significantly different at P<0.0050, Specific Linear Contrasts (SAS Institute
1997). Comparisons were made among strains within each generation
(P or FI) .
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Figure A.3. Percentage survival of 1996 P and FI generation soybean looper
larvae exposed to a discriminating concentration (130 ppm) of Bacillus
thuringiensis var. kurstaki (Condor XL®) 96 h after exposure.
Percentage
survival followed by different letters are significantly different at P<0.0033,
Specific Linear Contrasts (SAS Institute 1997).
Comparisons were made among
strains within each generation (P or FI).
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Figure A.4. Percentage survival of 1997 P and FI generation soybean looper
larvae exposed to a discriminating concentration (130 ppm) of Bacillus
thuringiensis var. kurstaki (Condor XL®) 96 h after exposure.
Percentage
survival followed by different letters are significantly different at P<0.0022,
Specific Linear Contrasts (SAS Institute 1997). Comparisons were made among
strains within each generation (P or FI).
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Figure A.5. Percentage survival of 1996 P and FI generation soybean looper
larvae exposed to a discriminating concentration (1300 ppm) of thiodicarb
(Larvin®) 96 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0083, Specific Linear Contrasts (SAS
Institute 1997). Comparisons were made among strains within each generation
(P or FI).
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Figure A.6. Percentage survival of 1997 P and FI generation soybean looper
larvae exposed to a discriminating concentration (1300 ppm) of thiodicarb
(Larvin®) 96 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0050, Specific Linear Contrasts (SAS
Institute 1997) . Comparisons were made among strains within each generation
(P or FI).
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Figure A . I .
Percentage survival of 1996 P and FI generation soybean looper
larvae exposed to a discriminating concentration (60 ppm) of chlorfenapyr
(Pirate®) 96 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0083, Specific Linear Contrasts (SAS
Institute 1997). Comparisons were made among strains within each generation
(P or FI) .
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Figure A.8. Percentage survival of 1997 P and FI generation soybean looper
larvae exposed to a discriminating concentration (60 ppm) of chlorfenapyr
(Pirate®) 96 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0050, Specific Linear Contrasts (SAS
Institute 1997). Comparisons were made among strains within each generation
(P or FI).
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Figure A.9. Percentage survival of 1996 P and Fl generation soybean looper
larvae exposed to a discriminating concentration (5 ppm) of emamectin benzoate
(Proclaim®) 96 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0083, Specific Linear Contrasts (SAS
Institute 1997).
Comparisons were made among strains within each generation
(P or Fl).
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Figure A.10. Percentage survival of 1997 P and Fl generation soybean looper
larvae exposed to a discriminating concentration (5 ppm) of emamectin benzoate
(Proclaim®) 96 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0050, Specific Linear Contrasts (SAS
Institute 1997). Comparisons were made among strains within each generation
(P or Fl).
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Figure A.11.
Percentage survival of 1996 P and Fl generation soybean looper
larvae exposed to a discriminating concentration (60 ppm) of spinosad (Tracer®)
96 h after exposure.
Percentage survival followed by different letters are
significantly different at P<0.0083, Specific Linear Contrasts (SAS Institute
1997).
Comparisons were made among strains within each generation
(P or Fl).
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Figure A.12. Percentage survival of 1997 P and Fl generation soybean looper
larvae exposed to the discriminating concentration (60 ppm) of spinosad
(Tracer®) 96 h after exposure.
Percentage survival followed by different
letters are significantly different at P<0.0050, Specific Linear Contrasts (SAS
Institute 1997).
Comparisons were made among strains within each generation
(P or Fl).
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